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1. Probiotic food 

1.1. Food fermentations 

Fermented foods are defined as “foods or beverages made through controlled microbial growth 
and enzymatic conversions of major and minor food components” [1]. The history of consuming 
fermented foods may be as old as humanity itself. Currently it is estimated that worldwide, 
one third of all the consumed foods are fermented foods [2–4]. Common examples of 
fermented foods in the western culture include bread, beer, wine, yoghurt, cheese and 
salami-like sausages. These few examples, limited as they are, already indicate that 
fermented foods are a highly heterogenous group. A simple distinction can be made 
between fermented foods with live micro-organisms (e.g. most yoghurts) and fermented 
foods in which the microorganisms have been killed in subsequent processing (e.g. bread). 
A second distinction can be made with regards to the domain of the microorganism 
involved in fermentation, which is either Bacteria, Fungi or Archaea. Examples are given 
in table 1.  The most common type of food fermentations is lactic acid bacteria (LAB) 
fermentations. Within these LAB fermentations, distinction is made between 
homofermentative LAB who only produce lactic acid (i.e. regular yoghurt), and 
heterofermentative LAB, who produce carbon dioxide and either acetic acid or ethanol on 
top of lactic acid (e.g. sauerkraut).  

 
Table 1: Examples of microorganisms from different domains and fermented foods in which they can be found 

Domain Example of species Example of fermented food 

Bacteria Lactobacillus delbruekii subsp. Bulgaricus and 
Streptococcus thermophilus 

Yoghurt [5] 

Enterobacter, Leuconostoc mesenteroides Sauerkraut [6] 

Eukarya, 
fungi 

Yeast Saccharomyces cerevisiae Bread, alcoholic beverages [7] 

Mould Rhizopus oligosporus Tempeh [8] 

Archaea Halococcus spp Natronococcus spp., Natrialba 
spp. and Haloterrigena spp. 

Kimchi [9] 

Natrinema gari Fish sauce [10] 

 

1.1.1. Benefits of fermented foods 

People ferment food for a number of reasons. Historically, food preservation has 
been an important motive to ferment food, as fermentation microorganisms produce 
metabolites (e.g. acids, alcohol and other antibacterial substances) which prolong the shelf 
life of food and beverages. This is still a major advantage of fermented foods in the 
developing world, where facilities for cooled storage or canning are often not available or 
affordable [11]. Hence it is likely that in developing countries the consumption of 
fermented foods is more prevalent compared to western societies. The second main motive 
has been enhancement of flavours and texture of the food, thereby increasing its 
attractiveness to consumers in a culture-dependent manner. The change of texture, or ‘pre-
digestion’ may also reduce the cooking time of some foods, and this saving of time and 
energy resources can form another motive for fermentation [12]. Other motives to ferment 
food, only discovered in more recent times, include the formation of healthy substances 
and the detoxification of food, [3,4]. To illustrate this health effect, Marco et al. [1] lists 15 
human studies that have shown a negative correlation between fermented foods and 
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common health conditions such as diabetes or cardiovascular disease [1]. For example, a 
meta-analysis of data collected in three prospective cohort studies showed a hazard ratio 
of 0.83 for the chances of developing type 2 diabetes among people who consumed at least 
one serving of yoghurt per day as compared to people consuming yoghurt less than once 
per month [13]. Another example is the reduction of cholesterol, HDL-C and LDL by 
14%, 15% and 24% respectively upon consumption of a fermented soy product for 42 
days [14].  Mechanisms include the breakdown of components that may be hard to digest, 
such as lactose, the release of certain beneficial enzymes by the microorganisms responsible 
for fermentation, the formation of peptides with bioactive properties, and the formation 
of lactic acid, vitamins, amino acids, beneficial proteins and exopolysaccharides [1]. 
Besides, many microbes that are consumed through fermented foods have the ability to 
survive the passage through the digestive tract [15]. This increased exposure to 
microorganisms in the human body helps the normal development of the immune system 
and neural functions [1].  Recently concerns have been raised about the reducing intake of 
microbes from our diet, including drinking water, as a result of improved hygiene and 
sanitation as well as of preservation techniques such as cooling, canning and adding of 
preservatives [16]. The human immune system was built to process billions of 
microorganisms in a day due to its co-evolution with microbes. It is hypothesized that due 
to the current strongly reduced intake of microorganisms in Western societies, the immune 
system responds in an abnormal way to other dietary antigens, giving rise to for example 
food intolerances and inflammatory conditions [17].  

The body of literature on the health benefits of fermented foods is still relatively 
small. Since fermented foods is such a diverse group, it is difficult to systematically study 
them as such. Especially for natural fermented foods, there is a high variety of micro-
organisms involved, and besides, the metabolites they contain and the amounts at which 
they are produced depend on the composition of the food matrix, which is variable as well. 

1.1.2.  Natural fermentations 

Most of today’s commercially available fermented foods are based on traditional 
foods that were obtained as a result of natural, wild or ‘spontaneous’ fermentations. A well-
known example is yoghurt, produced by a culture of Lactobacillus delbruekii subsp. bulgaricus 
and Streptococcus thermophilus, which is based on the globally spread tradition of consuming 
naturally fermented milk [3,12].  Natural fermentations usually depend on micro-organisms 
that are naturally present in the raw food matrix, sometimes in combination with micro-
organisms from the environment [11,18], including from the air or from the biofilms that 
are present in the equipment used to prepare the fermented food [19]. Sometimes a food 
ingredient that is rich in microorganisms (e.g.  fruit, malted grain) is added to the main food 
matrix to catalyse fermentation [20,21]. Many societies have a tradition of back slopping 
fermented foods, whereby part of a batch of previously fermented food (such as fermented 
milk or maize dough) is used to inoculate a new batch [11,12,18,22]. 

1.1.3. Controlled fermentations 

Controlled fermentations take place by adding an industrially produced ‘starter 
culture’ with a selected micro-organism or collection of micro-organisms to the food 
matrix. A starter culture has been defined as ‘a microbial preparation of large numbers of cells of at 
least one microorganism to be added to a raw material to produce a fermented food by accelerating and 
steering its fermentation process’ [18]. These starter cultures are usually marketed in the form of 
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freeze-dried powder, or in frozen (liquid) form. The vast majority of the commercially 
available starter cultures are based on lactic acid bacteria [23,24]. The use of a starter culture 
allows for a controlled production process leading to standardized products [23]. The 
advantages include increased speed of fermentation, the possibility of upscaling, reduction 
of spoilage, and highly increased food safety. Hence, controlled fermentation processes 
have multiple benefits for commercial food production in modern society, where the 
consumer has little tolerance for batch-to-batch variations, even upon prolonged storage 
of the product in supermarkets or at home. The demand for such controlled products is 
also increasing among the growing urban population in middle- and low-income countries, 
including Uganda. However, in most of these countries there is a clear distinction between 
the urban population which consumes standardized, packed foods, and the rural 
population which produces traditional natural fermented foods at home.  

Controlled fermentations also have disadvantages compared to natural 
fermentations. Loss of biodiversity of the starter has been mentioned as a disadvantage for 
three reasons. First, loss of biodiversity results in a blander taste [18,23]. Secondly, the 
general loss of biodiversity in the westernized diet may lead to the depletion of ‘pseudo-
commensals’. These are bacteria that have always been part of the human gut, but are not 
able to replicate there, and were hence always replenished through the diet or other forms 
of contact with these micro-organisms. Loss of these pseudo-commensals is associated 
with increased risk for many ‘western diseases’ including allergies, certain types of cancers 
and mental disorders [25]. Lastly, from the technical point of view, loss of biodiversity puts 
the fermentation process at higher risk of bacteriophage (bacterial virus) attack, which puts 
forward the need for culture rotation and strict hygiene measures in large scale dairy 
processing plants [26]. Another disadvantage is the high level of technology involved in the 
production of commercial starter culture, resulting in only 13 companies worldwide being 
involved in production of starter cultures [23]. Many countries, including the entire 
continent of Africa, depend on imports for its starter culture needs. A comparison of the 
differences between natural fermentations and controlled fermentations is summarized in 
table 2.  

 
Table 2: Comparison of characteristics of natural fermentations and controlled fermentations 

Natural fermentations  Controlled fermentations 

Biodiversity 
Tangy taste 
Biodiversity in the body 
No risk of bacteriophage attack 

 Monoculture 
Bland taste 
Loss of ‘pseudo-commensals’ in the body 
Risk of bacteriophage attack 

No dependency on external (imported) 
ingredients 

 Dependency on commercial starter culture 

Relatively slow process  Relatively fast process 
Appropriate for small-scale (home) production  Appropriate for large-scale (commercial) 

production 
Batch-to-batch variations  Standardized product 
Risk of growth of pathogens  Guaranteed food safety 
Higher risk and faster spoilage  Strongly reduced risk of spoilage 
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1.2. Probiotics 

1.2.1. Potential health benefits 

Many Bacteria have co-evolved with humankind since the beginning of history in a 
mutually beneficial symbiosis. Different bacterial ecosystems exist at different parts of the 
body, including the skin, the gastro-intestinal tract, and the vagina. Hence, bacteria play a 
role in virtually all areas of human life. This includes mental wellbeing, and hence the gut-
brain axis has attracted increased attention in the past decade [27].  

The appreciation that certain bacterial species can provide benefits to the human 
body was developed decades ago. The famous scientists Louis Pasteur and Robert Koch 
have laid the foundations for modern bacteriology. They were able isolate to bacterial 
species, to link certain bacterial species to specific diseases, and to develop vaccines. Elie 
Metchnikoff was subsequently the first scientist who suggested that health benefits could 
be derived from the consumption of fermented food containing bacteria. He linked the 
longevity of the Bulgarian rural population to their regular consumption of fermented milk, 
and in 1907 published a book about the same, entitled ‘The prolongation of life: optimistic 
studies’ [28,29]. The first bacterial strain that was isolated and subsequently commercialized 
for its health benefits was L. casei Shirota, in 1935 in Japan, in a drink called Yakult.  In 
2001 the WHO/FAO for the first time officially defined the term ‘probiotics’. Probiotics 
are thereby ‘live microorganisms that when administered in adequate amounts, confer a 
health benefit on the host’ [16]. In practice this implies that in order to be probiotic, a 
bacterium should have the ability to survive the gastro-intestinal tract, thus being resistant 
to bile and high acidity, and should subsequently be able to proliferate in the gut. The 
abilities and the claimed health benefit have to be proven in at least one human study, and 
any probiotic effect can only be claimed for a probiotic dose equal to that was used in the 
study [30]. 

There is a large number of micro-organisms that have been found to confer health 
benefits to the host. There is however not one authority that determines whether the 
evidence is sufficient to call a certain micro-organism a probiotic. The government of 
Canada has a relatively advanced framework to regulate probiotics, and classifies the 
following species as probiotics: Bifidobacterium (adolescentis, animalis, bifidum, breve and longum) 
and Lactobacillus (acidophilus, casei, fermentum, gasseri, johnsonii, paracasei, plantarum, rhamnosus and 
salivarius). However, the scientific literature mentions many other strains. Apart from 
bacteria, probiotic properties have also been assigned to yeasts (i.e. Saccharomyces boulardii), 
moulds (i.e. Aspergillus orizae) and archaea (i.e. Methanobrevibacter smithii and Methanosphaera 
stadtmanae) [31,32]. 

A presumed core benefit of probiotics is their stimulation of gut health [16]. 
Besides, many probiotics have shown to have an immuno-stimulating effect. However, this 
includes a broad spectrum of beneficial effects, and the exact ways in which a probiotic 
affects immune factors can be strain specific. Besides the more generic health benefits, 
different strains may offer specific health benefits to the host [33]. These include preventive 
or alleviating effects, on bowel disorders, allergies, respiratory tract infections and 
urogenital infections [30].  

Bacteria with probiotic properties have been extracted from a wide variety of 
sources. Most common is the intestinal tract, since bacteria from this origin have a relatively 
high likelihood to survive the passage through the digestive tract [34], which is a 
requirement for some probiotic properties. Probiotics have been isolated from both human 
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and animal intestinal tracts [35] and from the vagina [36]. Apart from the (human) body, 
some probiotics occur naturally in food. Human breast milk is a good example [37], but 
probiotics have also been extracted from other raw food materials or naturally fermented 
foods [1,38,39]. The shift from their initially complex and highly variable niche to the 
relatively constant and nutrient-rich industrial production environment for fermentation is 
likely to be linked with selection for metabolic simplification and gene loss, which could 
affect probiotic functionality [40].  

1.2.2. Health claims 

At the turn of the 21st century, the term ‘probiotics’ quickly gained publicity and 
popularity in the western world. This however also led to misuse of the term, for example 
in products where the viability of the bacteria was uncertain at time of administration 
[16,33]. As a result, the worldwide regulations for claiming health benefits of the addition 
of probiotic bacteria to a product, were established.  

In 2010, the European Food Safety Authority (EFSA) rejected all applications 
regarding health claims for probiotic products [41], citing that the evidence submitted along 
with the applications, such as a significant change in the level of certain white blood cells, 
was not enough to prove a real physiological effect of the probiotic on human health [42]. 
Studies showing a reduction of a disease (e.g. common cold) are available, but were not 
used by the companies applying for the claims, as it is generally forbidden to make ‘medical 
claims’ (claiming to prevent, treat or cure a disease) about food without approval by the 
European Medicines Agency (not the EFSA).  The studies needed to prove efficacy and 
safety according to standards of that agency may readily exceed a thousand million euros. 
This left manufacturers of probiotic products in a predicament. However, in 2011 the 
EFSA published the ‘Guidance on the scientific requirements for health claims related to 
gut and immune function’ [43], which for the first time allowed for medical claims to be 
made specifically of food, rather than only general health claims. Despite these new 
regulations, up till today none of the studies that were submitted to EFSA in support of an 
application for a health claim have been approved. The EFSA states that many of these 
studies had shortcomings and that the evidence was not sufficiently convincing [44]. As a 
result, even stating the word ‘probiotic’ on a product is not allowed, as this implies a health 
claim [33].  

For the US Food and Drug Administration (FDA), the level of scrutiny to which a 
probiotic product is to be subjected, depends on the category in which the product falls: 
medical food, dietary supplement, drug, or biological product [45]. If the probiotic product 
is deemed to be a ‘dietary supplement’, the producer is allowed to put the product on the 
market and to state claims about the ‘effect the product has on the structure or function 
of the body’, such as ‘supports healthy digestion’, or ‘supports healthy immune system’, 
and needs to notify the FDA of post-market approval while bearing the disclaimer that the 
claim has not yet been evaluated by the FDA. To date, claims stating that probiotics prevent 
or cure certain diseases have not been approved by the FDA either however [46]. 

In Canada, probiotics are classified as a Natural Health Product (NHP), and are 
allowed to carry a general health claim of supporting gastrointestinal health and a 
favourable gut flora. Canada may be more outspoken than either the EFSA or the FDA in 
the sense that certain strain specific claims have been approved [47], such as the reduction 
of acute infectious diarrhoea as well as antibiotic-associated diarrhoea by Lactobacillus 
rhamnosus GG [48].  
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It is desirable that misuse of the term ‘probiotics’ is restricted and that a number of 
high-quality and published studies precedes the marketing of a probiotic product [33,49]. 
However, too stringent regulations may keep the general human population from accessing 
information about the content and health benefits of the products they buy.  This could 
ultimately have a negative influence on public health [41] as well as on the development of 
better probiotics. The FAO/WHO recommends that “probiotic products shown to confer 
defined health benefits on the host should be permitted to describe these specific health 
benefits” [30]. 

1.3. Lactobacillus rhamnosus GG 

Lactic acid bacteria are defined as “microaerophilic, Gram-positive organisms that ferment 
hexose sugars to produce primarily lactic acid” [50] and consist of about 20 genera. Lactic acid 
bacteria are non-spore forming and non-respiring. They do not have the ability to 
synthesize some essential nutrients, hence they usually grow in nutrient rich environments 
such as dairy [18].  

Lactobacillus is a genus within the group of lactic acid bacteria and consists of over 
180 species. Lactobacillus rhamnosus is the most studied probiotic species among them, due 
to its suitability in food applications, its long history of safe use and its suitability for large 
scale cultivation. This species can be recovered from some fermented foods and the 
intestinal tract, and certain strains appear to possess a number of interesting characteristics 
that make them suitable for use in humans, most importantly the abilities to survive the 
intestinal tract, to adhere to the human gut, to enhance epithelial barrier function and to 
secrete immunomodulating as well as bactericidal substances [51]. 

L. rhamnosus GG (LGG), isolated in 1983 in Boston by Gorbach and Goldin (hence 
the GG), was quickly commercialized with the idea that it could provide health benefits. A 
patent was filed for in 1985 and granted four years later [52]. Since then it has become the 
most researched probiotic strain, primarily for gut health, with over 900 publications in the 
scientific literature Analysis shows the species has the capacity to transport and metabolize 
carbohydrates.  Some strains produce bacteriocins.  Others produce the enzyme proteins 

p40 and p75 which improve host epithelial layer integrity and repair, through the reduction 
of apoptosis [53]. These are traits that are useful for probiotic strains with intestinal 
applications. LGG has the unique property of producing pili, which may facilitate its 
adhesion to the intestinal mucosa due to the presence of an adhesin at the tip of the pili, 
and facilitates immunomodulation as shown by its ability to attenuate inflammation-
inducing interleukin-8 mRNA expression [54,55]. 

1.4. Fermented foods as vehicle for probiotics 

Probiotics boost the immune system and improve digestive health through 
secretion of immunomodulating peptides and direct inhibition of pathogens, thereby 
preventing some diseases from occurring, and helping to manage or gradually reduce some 
(chronic) conditions (Chapter 3 and 4). Probiotics may thus have the most profound effect 
among population groups that have impaired health, poor intestinal function due to poor 
feeding practices and exposure to unhealthy food and toxins, and that are constantly 
exposed to sources bacterial and viral infections. This description fits many people that live 
in developing countries under conditions of poor sanitation, crowded households, lack of 
(healthy) food, and high levels of aflatoxins in their staple foods [56].  
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The pharmaceutical sector is often accused of making essential medicines 
unaffordable for the poor [57]. Likewise, the prices at which probiotic supplements are 
sold in the western world would make this beneficial product inaccessible to the poor [56], 
or would make the less well to do consumers depend heavily on donations. Dependency 
on imported products such as well-tested probiotics, either commercially or donated, may 
not benefit developing countries economically in the long run.   

Locally produced fermented foods as vehicle for probiotics creates access to 
probiotics for those who may need them most. However, most fermented foods produced 
in Africa face challenges of low yields, low quality, contamination, reduced shelf-life due 
to poor post-fermentation practices, and inadequate packaging [58]. Hence naturally 
fermented foods are not suitable for commercialization or sales in (urban) shops.  

1.5. Yoba culture 

As will be elaborated upon in section 3 of this chapter, in response to the common 
health challenges in the developing world, a tailor-made probiotic starter culture was 
developed for the production of yoghurt and other fermented foods [59, Chapter 2, 3 and 
4]. This was in line with the guidelines published by the FAO/WHO, stating that “efforts 
should be made to make probiotic products more widely available, especially for relief work 
and populations at high risk of morbidity and mortality” [30]. Lactobacillus rhamnosus GG 
was isolated from a commercially available product, and as the patent of LGG expired, its 
generic variety named Lactobacillus rhamnosus yoba was presented [40,59]. The adjuvant 
strain Streptococcus thermophilus C106 enables the lactose negative L. rhamnosus strain to 
propagate in milk due to its endogenous proteolytic activity (Chapter 2.1), hence providing 
sufficient nutrients for the growth of LGG. The probiotic starter culture called ‘Yoba’ has 
been developed specifically for use by small scale producers in resource-poor settings, as it 
is packed in 1gram packages for the production of 100 litres of yoghurt, and is shelf stable 
for at least 6 months (Chapter 2.2).  

The use of a milk delivery vehicle for this probiotic was based on the nutritional 
value of milk, the history of L. rhamnosus in dairy products [61], the ease of production of 
yoghurt, and the long history and high acceptance of fermented foods in Africa [11,12,22]. 
Fermented milk is part of daily sustenance for millions of people living on this continent.  

2. The social and economic context of  Uganda 

2.1. Socio-demographics 

According to Word Bank data from 2016 and 2017 [62], the annual population 
growth in Uganda is 3 % and the current population density is 214 people per square 
kilometre, compared to 508 people per square kilometre in the Netherlands. The urban 
population grows with 6 % annually. With currently 43 million people living in Uganda and 
an average of 5.6 births per woman, the population has doubled over the past 20 years. 
This steep population growth negatively affects the surface area of the land available for 
agricultural production per rural family, while the demand for food, energy and water is 
increasing. The economic growth of 4 % per annum may not be enough to compensate 
for the population growth.  

The burden of disease is high in Uganda and the life expectancy is 60 years, 
compared to 82 years in the Netherlands. 5% of the children die before the age of 5 years. 
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Many people do not afford the needed treatment, are faced with low-qualified medical staff 
and lack of equipment and medicines at the local clinics, or are not able to reach a clinic or 
hospital in time.  

Access to phones and internet is increasing with currently 58% of the population 
having a phone, and 22% accessing internet. Mobile phone prescription and access to 
internet are important aspects of infrastructure, as it increases the effectiveness, efficiency 
and transparency in the public sector and has become the norm for communication, 
learning and conducting business.  

2.2. Dairy sector 

2.2.1.  Milk production and consumption 

Compared to the rest of the continent and the rest of the country, South West 
Uganda has a relatively well-developed dairy sector. Almost all farmers in the region have 
access to a milk cooler, which is at all times able to accept and purchase their milk. These 
milk coolers with a capacity of 3000 – 5000 litres are usually owned by farmer cooperatives, 
or otherwise by individual entrepreneurs.  Milk trucks collect the milk from these coolers 
and deliver it to one of the medium-scale and large-scale milk processors in the region. As 
a result of the increasing number of dairy processors in the region, farmers receive higher 
prices for their milk than ever before, with 0.14 EUR/litre in the wet season up to 0.28 
EUR/litre in the dry season when the milk production drops considerably. The general 
estimate by the Dairy Development Authority is that 75% of the milk produced in Uganda 
is consumed as unprocessed milk (20% is retained at the farm, while 55% is sold as raw 
milk) [61]. 

In 2017, it was estimated that 2.3 billion litres of milk were produced in Uganda 
[63]. All 100 medium and large-scale dairy processors in the country together have the 
capacity to process 2.7 million litres per day, although the actual milk they process per day 
is lower at 1.6 million litre per day. Dairy products equivalent to 300 million litres per year, 
13% of the total produce, were exported. Milk consumption per capita is on the rise, and 
currently stands at 62 litres per year [63]. However, this is still far below the WHO 
guidelines of 200 litres per year.  

2.2.2. Yoghurt supply and demand 

In 2018, the large-scale dairy processors in Uganda cumulatively reported slightly 
over 11-million-liter yoghurt produced, which equates to only 260ml yoghurt per person 
per year [64]. This is however not the complete picture. For example, all small-scale 
producers that use Yoba culture together produced another 1.2 million litres, and there will 
be other yoghurt producers that are not yet counted in either category (large scale or Yoba 
producers). Similar to the high proportion of milk that is traded as raw milk, and supported 
by field observations, we expect that the national consumption of locally fermented milk 
(called ‘bongo’ or ‘makamo’), exceeds that of industrially cultured and packed yoghurt.   

Unfortunately, prior to 2018 no national records with regards to yoghurt production 
were kept. However, the fact that apparently it has now become a parameter of interest 
indicates that it is a growing sector. This is supported by the general increase in the number 
of milk processors, of which many are involved in yoghurt production, and field 
observations of an increasing presence of a rising number of yoghurt brands in urban 
supermarkets, as well as in smaller rural shops. Five years ago, there were only 3 large scale 
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yoghurt producers. This number has currently risen to five, while a sixth big player is 
expected to put yoghurt on the market in the second half of 2019.  

Yoghurt production seems an attractive venture, as the demand for the product is 
growing and the profit margins in yoghurt business are much higher as compared to the 
sales of fresh or packed milk. Besides, as a result of the relatively developed dairy sector in 
South West Uganda, medium scale yoghurt producers have consistent access to high quality 
milk. Lastly, especially in the interest of small and medium scale yoghurt producers, the 
capital requirements for yoghurt production are relatively small, and the resulting product 
is less perishable compared to fresh or pasteurized milk.  

2.2.3. School milk and school yoghurt 

Universal Primary Education (UPE) has been in place in Uganda since 1997, 
ensuring free primary education for all children in government-owned schools. However, 
teachers in these schools earn small wages and there is little supervision over their work. 
Hence their motivation to provide quality education is limited. Besides, usually few funds 
are available for building and maintaining the school structures or purchasing educational 
requirements. This has resulted in the establishment of many private schools, where 
parents have to pay school fees, but where the quality of education and the resulting 
academic competence of the children are higher than those of children enrolled in 
government schools. Pre-primary schools (also called kindergartens or nursery schools) do 
not fall under UPE. Many government schools do however have a pre-primary section, but 
parents have to pay a (small) fee for their children to enrol there. This can be as low as 7 
EUR per year.  

UPE does not cater for food at school. Many children in government schools go 
through the school day without eating anything, which is another reason that their school 
results are usually disappointing. In 2016, SNV the Dutch Development Organization in 
collaboration with the national and local governments, started a campaign to promote the 
consumption of maize porridge containing milk at primary schools in seven districts in 
South Western Uganda. In order to ensure sustainability, there were no subsidies involved, 
only sensitization of schools and subsequently their parents to urge them to pay the 
required money for their child to be able to consume this maize-milk porridge daily. The 
program was successful: three years after its inception, 200,000 primary children are 
participating in the program. As a spill-over effect, the national government has started 
campaigning for school feeding in the rest of the country.  

At the start of 2018, SNV in collaboration with the Yoba for Life Foundation 
started to promote a second product: locally produced probiotic yoghurt, packed in 
specifically designed polythene bags in portions of 125ml. The main target group were pre-
primary children, as probiotics have been reported to address diseases that are especially 
common in young children. After one and a half year of implementation, 16,000 children 
are enrolled in this program.  

2.3. Social, cultural and economic factors in entrepreneurship 

2.3.1. Cultural aspects 

A general study of Uganda’s cultural characteristics using the renowned Hofstede 
model [65] indicated that Uganda is a considerable masculine society, meaning that 
competition and the acquisition of material goods is valued. Also, the uncertainty avoidance 
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is on the high end, meaning that society relies on social norms and structures to alleviate 
the unpredictability of the future. Furthermore, the culture has a very short-time 
orientation, with little planning and investing in the future, explained by the unrest the 
people faced in the recent past. The society has a low tolerance of power distance, 
uncharacteristic for the region, but with similar levels as found in the USA and Germany, 
meaning that people are expected to operate on the level of equality. Finally, the society is 
collectivistic, meaning that people strongly identify with a group.  

Working in groups or cooperatives responds to both the collectivism and the low 
acceptance for power distance. It is seen that competition is effectively promoted by 
introducing a results-based payment system for labour, in which workers are paid according 
to the volumes of high-quality produce they produce or sell. Producing and selling yoghurt 
obtains immediate results, catering to the short-time orientation. High uncertainty 
avoidance requires more direction and clear procedures. 

2.3.2. Gender dynamics 

In Uganda, women are increasingly empowered as a result of social change [66]. 
Social change is stimulated by empowering women (groups) to start up their own 
businesses and enjoy personal incomes. This gender aspect is relevant for the present study, 
as women spend their income for a greater part on nutrition, education, health care and 
water and sanitation as compared to their male counterparts. Still, especially rural women 
are facing constraints in their freedom of choice.  Young women are often ‘protected’ from 
working outdoors, or are occupied with domestic work. A survey among Ugandan youth 
entrepreneurs found that 41% is female [67]. Operating in groups is found to have a 
stimulating effect on their empowerment. It gives individuals more confidence, they have 
access to greater financial resources, their husbands are more likely to allow them to move 
out thus increasing their mobility and ability to market their yoghurt, and it opens 
opportunities for sharing knowledge and experiences [66]. This in turn gives the women 
greater self-esteem and allows them to become more active in public life.  

However, the general lack of education, knowledge and business skills among many 
women remains a barrier to establish more successful businesses. Well-functioning 
(women) groups are often found to depend on ties with women who grew up in the 
community, but have evolved to educated urban women, who support the rural groups in 
their business and establish market in the urban centres [66]. A point of attention it thus 
to organize women groups and to inform and equip them with skills that allow them to 
take advantage of opportunities that arise.  

2.3.3. Youth and adults 

Uganda’s population consists for 78% of people below the age of 30, thereby being 
world’s youngest population [68]. Unemployment is a rising problem, with an annual 
growth in labour force of 3.4%, equal to 400 000 new job seekers, but only 8 000 new jobs 
[69]. Youth unemployment contributes for 83% to the overall unemployment [70]. The 
vast majority of the youth participates in the labour force, but 84% of the labour takes 
place within the informal sector, with high degrees of both time-related and skill-related 
underemployment [71].  

The rural Ugandan youth is more entrepreneurial compared to other age groups or 
compared to their urban counterparts [68]. Considering the fact that 77% of the youth 
labour force is located in the rural areas of the country, the importance of job creation in 
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rural areas is emphasized [71], as youth entrepreneurship is important for the growth of 
the rural non-farm sector. Entrepreneurship provides income, confidence, respect, 
personal pride and it can create employment for others as well [72]. Furthermore, it fosters 
work ethos which will help the youth to find regular wage employment in the informal 
economy and finally in the formal sector and thereby integrate into the mainstream 
economy [67, 68]. 

A first major constraint for youth entrepreneurs is the lack of training. The Ugandan 
educational system is highly theoretical, and those who do not receive post-secondary 
education often lack the skills to earn a living. The majority of the early school leavers is 
unemployed or employed in low-paying jobs [72]. In a survey among youth entrepreneurs, 
29% had finished at least lower secondary education and only 30% had received business 
skills training, mostly in the form of apprenticeship. Lack of finance was reported as the 
major constraint to receiving training [67,73]. Lack of skills is reflected in the fact that as 
much as 48% of youth who previously owned a business closed it [73]. 

A second constraint is access to finance. A survey among youth entrepreneurs 
showed that only 4 per cent obtained starting capital for a business from a financial 
institution (SACCO or bank) [68]. This has been attributed to the fact that youth are usually 
inexperienced and have limited collateral. And in case they access loans, they risk losing 
property upon defaulting payment. This lack of access to greater finance limits the scale of 
businesses [68]. 

A final constraint for youth entrepreneurs is business registration. In a survey 
among youth entrepreneurs, 81% of the respondents had not registered their business, and 
73% thought registration offered no advantage. The ‘Doing Business 2012’ report indicates 
that Uganda has problems with registering business due to bureaucracy, corruption and 
excessive cost [67, 73]. 

2.3.4. Wealth status 

Business ownership shows a wealth-differentiated barrier [74] as those with higher 
incomes are more likely to conduct successful business. Higher incomes coincide with 
more assets necessary to take advantage of emerging market opportunities. Consequently, 
operating business such as yoghurt production shows a distributional regressive effect on 
income. Educated males with strong social networks in the community are likely to run 
bigger and more profitable businesses. Economies of scale reduce the costs per product, 
hence those businesses that have more working capital, storage capacity and can afford the 
risk to produce larger quantities are favoured.  

However, there is a trickle-down effect to the bottom of the pyramid, as the newly 
established businesses create increased market for raw produce (i.e. milk in the case of 
yoghurt businesses) and employment. Poor families typically lack land, livestock and tools, 
but are not poor in human capital [75]. Business that are compatible with the locally 
available capital are preferred and more likely to succeed.  

3. Uganda’s public health in relation to probiotics 
The World Health Organization collects data on the burden of disease of its 

member states, including Uganda.  The burden of disease is quantified through the 
‘Disability-Adjusted Life Years’ (DALY), in other words the ‘healthy years’ that have gone 
lost as a result of diseases and injuries, whether or not deadly [76].  The measure consists 
of two components: the years of life lost, which are the number of deaths multiplied by 
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the life expectancy at the time of death, and the years lost due to disability, which are the 
number of incidences multiplied by their duration and multiplied by a severity factor 
(between 0 and 1).  Table 3 provides an overview of the burden of disease in Uganda, 
whereby the Netherlands are included as a reference country.  In separate columns, the 
burden of disease for the Ugandan 0-4 and the 5-14 years age brackets have been 
highlighted. 

From this table it can be seen that in general, the relative burden of disease in 
Uganda is twice as large as that of the Netherlands. A shocking 6% of the DALYs in 
Uganda is attributed to diarrheal disease, of which half originates from children of 0-4 
years, whereas in the Netherlands this is an almost negligible disease. This is even more 
than malaria, which accounts for 5% of the DALYs. Respiratory tract infections show an 
even grimmer picture, being responsible for 9% of the healthy years lost in Uganda. And 
again 67% of this disease burden originates from children 0-4 years old. Another 4% of 
the DALYs is ascribed to nutritional deficiencies, of which protein-energy malnutrition 
takes the largest part. The burden of mental disease is also high, though percentage-wise 
slightly lower than in the Netherlands. However, the subcategory of childhood behavioural 
disorders is percentage-wise twice bigger in Uganda compared to the Netherlands. The 
incidence of peptic ulcers is percentage wise 7 times larger, and the incidence of gastritis 
and duodenitis is 5 times larger in Uganda compared to the Netherlands. Finally, also the 
relative burden of skin diseases is twice as high in Uganda compared to the Netherlands.  

The relative high burden of disease in Uganda can be attributed to various factors. 
First, the tropical climate in the country favours diseases such as malaria and some 
infectious diseases. Secondly, the high levels of poverty are associated with lower levels of 
sanitation and with crowded households. Thirdly, the relatively low GDP of the country is 
associated with a lower quality of the health care system, and many individuals may not 
access or afford the treatment needed for themselves or their children.  

3.1. Ulcers 

The bacterium Helicobacter pylori, is present in the stomach of about 50% of the world 
population and is found in people of all ethnicities [77]. This bacterium, having the rare 
ability to survive in the highly acidic environment of the stomach, has been identified as a 
risk factor in the development of gastric pathology [78,79]. Gastric pathology starts with 
inflammation of the stomach lining, but can progress into ulcers. Four studies conducted 
in Uganda over the past five years found that 22% - 45% of the Ugandan population is 
carrier of H. pylori in their stomach [80-83]. This incidence was found to be much higher 
for certain population groups, for example, 61% among the urban poor [81] and 74% 
among people below the age of 21 years [83]. The actual incidence of ulcers in Uganda is 
not known, firstly because these records are not being kept and not being collected 
nationally, and secondly because most people that experience pain in their stomach for a 
prolonged period of time, diagnose themselves with ulcers but never seek medical advice 
from a clinic or hospital. The self-reported incidence of ulcers is very high, including among 
children above the age of 12 years. Children in many boarding schools eat a refined-wheat 
snack for breakfast, and a meal of posho (refined maize flour dish) and beans for both 
lunch and supper. This diet is virtually fibre-free.  Lack of fibres in the diet has been pointed 
out as a major cause in the development of ulcers [84,85].  
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Table 3: Estimated Disability-Adjusted Life Years (DALY's) by cause and country, 2016. Adopted from data provided by the 
World Health Organization, department of information, evidence and research [76]. Absolute DALY per country as provided 
by the WHO was divided by the population, to arrive at the DALY’s per 1,000 people.  

  
  

Per 1,000 people 

Netherla
nds 

Uganda 
Uganda 
0-4 
years 

Uganda 
5-14 
years 

 Population ('000)   16,987 41,488    
All Causes 268 513 1111 218 
I. Communicable, maternal, perinatal and nutritional conditions 12 303 888 130 

A. Infectious and parasitic diseases 3.1 154 268 100   
HIV/AIDS 0.24 45 23 27   
Diarrhoeal diseases 0.83 32 87 16   
Childhood-cluster diseases (whooping cough, 
diphtheria, measles, tetanus) 

0.01 2.3 3.6 3.6 

  
Parasitic and vector diseases 0.01 30 73 25   
          Malaria . 24 72 21 

B. Respiratory Infectious  5.2 48 175 17  
1. Lower respiratory infections 3.7 46 172 15  
2. Upper respiratory infections 1.1 1.2 1.9 1.1  
3. Otitis media 0.31 0.72 1.2 0.93 

C. Neonatal conditions  3.2 73 390 1.8 

D. Nutritional deficiencies 0.93 18 55 13   
Protein-energy malnutrition 0.07 11 42 4.9 

II. Noncommunicable diseases 237 148 148 50 
A. Malignant neoplasms (cancers) 61 24 6.3 5.3 
B. Diabetes mellitus 7.6 4.9 0.06 0.30 
C. Mental and substance use disorders 27 19 1.8 12 

 
 

Depressive disorders 7.1 6.2 0.0 2.2   
Childhood behavioural disorders 0.70 1.4 0.02 3.1   
Idiopathic intellectual disability 0.52 2.2 0.73 2.5 

D. Cardiovascular diseases 40 23 4.6 3.2 
E. Respiratory diseases (incl. Asthma) 15 7.5 4.4 5.3 
F. Digestive diseases 6.1 14 8.4 4.2   

Peptic ulcer disease 0.20 1.4 0.40 0.24   
Gastritis and duodenitis 0.09 0.42 0.14 0.10 

G. Skin diseases 2.9 4.3 7.0 3.4 

 

3.2. Common childhood conditions 

3.2.1.  Tinea Capitis 

Dermatophytes, commonly known as photogenic fungus, can use the keratin 
available in human hair, nails and skin for growth. Fungal infections on different parts of 
the body are called tinea infections, and there are 12 known fungi that are responsible for 
these infections. Through tinea capitis, the scalp is the most common body part infected. 
Six different fungi of both the genera Microsporum and Trichophyton have been found 
involved in the development of the vast majority of the cases of tinea capitis [86]. Tinea 
capitis overwhelmingly affects children before they enter puberty, and is rare in adolescents 
and adults. The condition is more common in boys than in girls, and usually heals 
spontaneously when the child enters puberty. Most forms of tinea capitis are highly 
infectious, and can be spread via direct contact, or through sharing of, for example, beds, 
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chairs, clothes, combs or shaving machines. Most types of tinea capitis cause hairs to break 
off, leaving patches on the scalp. The formation of abscesses is also common [86]. It is 
possible to be a carrier of one of the aforementioned fungus without showing symptoms 
of tinea capitis. This is particularly common in (older) siblings and parents of symptomatic 
children. The Committee on Infectious Diseases of the American Academy of Paediatrics 
recommends that children showing symptoms of tinea capitis should continue to attend 
school, since it is likely that spores of the fungus are present everywhere already on objects 
or on asymptomatic carriers [87]. Although different effective medicines can treat tinea 
capitis, a clear solution to stop the spread and re-infection of tinea capitis is not available.  

It is estimated that 3% - 8% of children in the USA suffers from tinea capitis [86]. 
In the developing world the prevalence is much higher. Two studies among school going 
children (2-11 years) in Kenya found a 33% and 12% prevalence [88,89], while a study of 
4 287 primary-school going children in Nigeria showed an overall prevalence of 20% [90]. 
It must be noted that substantial geographical differences can be found in the incidence of 
tinea capitis, even within a country or region. The generally higher incidence of tinea capitis 
in developing countries is explained by more crowded classrooms and households, poor 
sanitation and many shared fomites. Despite its high prevalence, little attention is given to 
tinea capitis due to its non-lethal nature (as opposed to for example malaria and HIV).  

In Uganda, an open label primary school study of 245 children, showed significant 
reduction in skin allergies (allergic dermatitis, pyoderma, tinea capitis, and tinea corporis), 
following 5 weeks of Monday–Friday consumption of 100 ml Yoba probiotic yoghurt 
containing L. rhamnosus GG (Chapter 3). This alleviation of skin conditions is supported 
by studies showing that L. rhamnosus GG greatly reduced eczema and allergic reactions [91]. 

3.2.2.  Common cold 

Respiratory tract infections (RTIs), most commonly manifested in the form of the 
common cold, is world’s most prevalent illness [92]. Common cold is in 90% of the cases 
caused by a virus, while in the other 10% bacteria are responsible for the infection. 
Worldwide, rhinovirus is recognized as the main aetiological agent responsible for common 
cold, with a higher viral load being indicative of more severe symptoms. In the western 
world it is estimated that two thirds of the episodes of the common cold are caused by this 
virus [93].  A study characterizing viruses responsible for the common cold in Nigeria 
found the rhinovirus and the parainfluenza virus to be the main causative factors [94]. 
Other studies found that the enterovirus can be a causative factor of the common cold in 
summer time or warmer climates. Indeed, another study in Nigeria, with an average annual 
temperature of 27˚C, found a high prevalence of this virus [95]. 

A recent study made important progress in characterizing differences between 
viruses responsible for respiratory tract infections under European and African conditions. 
Thereto it took samples from 539 German and 1174 Ghanaian children who showed 
symptoms of respiratory tract infections. The authors found a surprising similarity between 
the incidences of different viruses in the children from different ethnicities living in these 
completely different countries and climates. The general findings of the study were 
different from many other studies, with only 43% of the Ghanaian children and 57% of 
the German children that suffered from RTIs being found to be infected by a virus. The 
predominant virus was pneumovirus (a respiratory syncytial virus), and rhinovirus came 
only second with an 8% prevalence of the Ghanaian and 12% of the German children with 
RTIs [96]. The incidence of pneumovirus showed a strong correlation with the rainy season 
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in Ghana and the winter in Germany. A meta-analysis of 67 studies, found an overall 
incidence of pneumovirus of 15% among people with acute respiratory tract infections on 
the African continent [97]. 

Owing to the fact that the common cold affects billions of people every year, and 
no effective treatment is available for the common cold of viral origin, the economic 
burden of the disease is huge, especially in terms of sick-days. As the entire population is 
at the risk of infection, dietary interventions that could relieve the disease burden, are of 
great interest. Probiotics have so far shown to be the most promising dietary option to 
ameliorate the burden of the common cold [98]. Even though the effect of probiotics may 
be small, on the national or global level small improvements accumulate to a major impact. 
A Cochrane review of 12 randomized clinical trials (RCTs) [99] concluded that there was a 
positive effect of the intake of probiotics on the incidence (from 30% to 19%) and duration 
(from 7 days to 5 days) of upper respiratory tract infections (URTIs), as well as a reduction 
of antibiotic use (from 20% to 13%) and a reduction of school absenteeism (from 35% to 
5%). However, the quality of the evidence of most of these findings was considered to be 
low [99]. A second meta-analysis of 20 RCTs found that probiotics have the ability to 
reduce the duration (by 0.5 to 1 day) of URTIs [100]. Although these RCTs were conducted 
in the western world, it is hypothesized that they are also true for African settings, as it has 
been shown that RTIs in Africa are caused by the same viruses as are common in the 
western world. On the other hand, the microbiome of the African population has shown 
to be very different from the microbiome of people in the western world [101], which may 
affect probiotic-host interactions.    

3.3. Health Economics 

The field of health economics looks at the cost of illness, thereby taking into 
account the productive days missed at school or work, and the cost of medical care to cure 
or manage the condition. In other words, health economics looks at the direct cost and 
opportunity costs associated with illness. Health economics inform government decision 
making. For example, a large-scale and expensive campaign to reduce sugar consumption 
in the general population, which furthermore reduces the income of the soda and 
confectionery industry and the associated tax revenue, may be cost effective compared to 
the cost of treating obesity-related diseases such as diabetes. Hence, preventive health care 
may save money in the long run, but cost money in the short term.  This needs to be 
assessed on a case by case basis.  

So far, few studies have been published on the cost, or on the savings that could be 
made should the general population be encouraged to consume probiotics on a daily basis. 
One research group has undertaken two scenario analyses, one of France and one of 
Canada, assessing the savings that could be made on the costs related to respiratory tract 
infections if the entire population would consume probiotics [102,103]. The savings made 
on RTIs alone were estimated at millions of dollars. When other diseases, such as gastro-
intestinal related illnesses, would also be taken into account, the savings on the cost to 
society would be greatly exceed those found in the current studies.  

3.4. Nutrition research 

Randomized Controlled Trails are generally accepted as the golden standard for 
health and nutrition research. However, due to their strictly experimental nature, RTCs are 
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costly and the preparation process including obtaining ethical clearance and recruiting 
participants is often lengthy [104]. In some situations, it is unethical or unfeasible to use an 
experimental design. In situations where RTCs are not feasible, (controlled) interrupted 
time series (ITS) may provide an alternative robust quasi-experimental observational study 
design. The interrupted time series takes a series of measures before an intervention, and a 
series of measurement points after an intervention has been introduced, usually at equal 
time intervals. The higher the number of measurements taken, the greater the robustness 
of the study [105]. The study design is particularly useful to study health interventions that 
have been introduced over a clearly specified period of time to a clearly specified 
population [106]. One of the strengths of this design is that it cannot only assess the size 
of the change that the intervention has brought, but also whether the change was 
immediate, slow over time, or after a lag-phase, and whether the change was permanent or 
reversed at later time [107]. Furthermore, ITS cause less distortion compared to RCTs. 
They are community based and have a great stakeholder involvement [104]. Cochrane 
meta-analyses, which are regarded as one of the highest standards of research, do in some 
instances include studies with the ITS design in their meta-analyses [108,109].  

3.5. Safety of probiotic yoghurt consumption in Uganda 

No safety concerns have been raised in regards to the consumption of probiotics 
by otherwise healthy people [110]. Indeed, the EFSA has announced probiotics to be safe 
for the general population [111]. However, occasional safety concerns have been raised in 
regards to probiotic consumption by immunocompromised or critically ill people.  

The first and most often reported concerns are raised about cases of bacteraemia 
(bacteria in the bloodstream) of probiotic origin in ill patients [112]. To answer the question 
whether probiotics indeed increase the incidence of bacteraemia, Finland was taken as a 
reference population, as the annual consumption of probiotic yoghurt containing LGG is 
estimated at 6 L/person [113]. Salminen et al. [113] studied the incidence of bacteraemia 
in the Finnish population between 1990 and 2000, the years in which the consumption of 
LGG among the population steeply increased, and did not found a correlation between 
increased consumption of LGG and the incidence of bacteraemia.   

In 2008, a trail in which probiotics in combination with fibres were given to patients 
with severe acute pancreatitis, a relative risk of mortality of 2.5 was reported for the 
probiotic group [114]. The probiotic / fibre mixture was administered through a feeding 
tube leading straight into the jejunum, right next to the pancreas, however [114]. This mode 
of administration is fundamentally different from consumption of a food product 
containing probiotics, such as yoghurt, which will lead to a much slower and gradual release 
of the probiotic into the intestine. Although technical and ethical issues were raised 
concerning the conduct of the trail [115], and a systematic review found overall no adverse 
effects of probiotic in patients with pancreatitis [116], the troublesome outcomes of this 
specific trail cannot be nullified and the probiotic/fibre mixture used in this study should 
be avoided in patients with pancreatitis [117], specifically when the patient experiences 
organ failure [118]. The practice of tube-feeding probiotics also needs further study.  

In response to the case reports of adverse effects following the intake of probiotics, 
the American Health Care Research and Quality (AHRQ) agency critically reviewed 622 
intervention studies on probiotics, but did not find an overall significant increased relative 
risk of adverse effects (RR 1.0) [119]. However, they noted that rare adverse effects are 
hard to assess.  
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The currently ongoing intervention of promoting the consumption of probiotic 
yoghurt in Uganda targets the general population, were no adverse effects have been 
reported. No attempts have been made to promote the consumption of probiotic yoghurt 
among immunocompromised or critically ill Ugandan people. Although the intake of 
probiotics has shown a beneficial effect in many critical illnesses [120], its promotion in 
Ugandan hospitals would need very careful consideration and a well-regulated approach. 
Thereby possible contamination of the locally produced probiotic yoghurt by other 
harmful organisms should be of greater concern than the probiotics themselves [121].   For 
future studies, it would be interesting to record which of the individuals involved in the 
program, are subject to diseases of immune deprivation.  In fact, as a general rule, it is 
advisable that introduction of new therapies and therapy related interventions, is 
accompanied by the recording of the disease state, and perhaps ultimately also the genome 
sequence of the individuals, so that, later possible correlations can be established or 
excluded. 

4. Scope of  this thesis 
In this thesis, we describe an intervention in Ugandan society with an education 

program and an innovative bacterial starter culture.  The latter has a presumed sustainable 
and scalable effect on improving public health and income generation by (i) stimulation of 
the local milk-market, (ii) increasing employment and income through value addition, (iii) 
facilitating access to an affordable healthy product, and (iv) reduction of spoilage and 
spillage of milk. This thesis describes the complete story that (i) starts with the development 
of an innovative starter culture (Chapter 2.1), tests (ii) the efficacy of this starter culture in 
regards to fermenting milk and other food (Chapter 2.2)), (iii) examines the effectiveness 
of using this culture to stimulate the local production of probiotic yoghurt in resource-
poor settings such as Uganda (Chapter 3), (iv) and then studies the efficacy and efficiency 
of the probiotic yoghurt to reduce the incidence, severity and duration of different 
conditions, with an emphasize on ulcers (Chapter 4.1), common cold and skin conditions 
(Chapter 4.2 and 4.3).  

Chapter 2 describes the technical innovations that form the basis of the 
intervention. Chapter 2.1 describes how the tailor-made Yoba starter culture for 
applications in African context was developed, and how the probiotic properties of the 
strain were confirmed at microbial level. The strain’s limitations to grow in food matrices 
like milk were overcome by formulating a dried starter consortium with Streptococcus 
thermophilus C106 that enables the propagation of both strains in milk and other food 
matrices. The piliation of the L. rhamnosus yoba 2012, required for epithelial adhesion to 
and inflammatory signalling in the human host, was stable during growth in milk for two 
rounds of fermentation.  

Chapter 2.2 subsequently focusses on the production protocol that accompanies 
the tailor-made starter culture to produce probiotic yoghurt in resource poor settings. The 
protocol can also be adapted to other types of fermented food such as fermented cereal 
porridges. In brief, the starter culture, conveniently packed in 1-gram aliquots, is cultured 
in 1 litre of milk. This fresh starter can be used for the production of fermented milk and 
other fermented foods either at home or at small-scale in rural settings.  

Chapter 3 then describes the results of a multi-year intervention whereby dairy 
farmers and small-scale entrepreneurs were taught to convert their milk into a probiotic 
yoghurt using an innovative bacterial starter culture and basic equipment as has been 
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described in chapter 2. The intervention creates additional sources of income and 
employment for people across the value chain. Besides the economic benefits, the health 
benefits of the intervention are briefly touched upon. The chapter concludes that with 
minimal external financial support, 116 communities or small entrepreneurs have been able 
to start, expand, and maintain a business by production and sales of probiotic yoghurt. 
Applied business models and success rate in terms of revenues and profitability varied by 
region and with culture, ownership structure, wealth status, and gender. 

Chapter 4 zooms in on some of the health benefits that can be experienced from 
the regular intake of probiotic yoghurt, and that are relevant to challenges faced in the 
Ugandan population. 

Chapter 4.1 reviews the literature on the effect of Lactobacillus rhamnosus GG on 1) 
Helicobacter pylori colonization of the stomach (a precursor for ulcers) and 2) the healing of 
ulcer wounds themselves. The probiotic Lactobacillus rhamnosus GG (LGG) can play a role 
in establishing a harmless relationship with Helicobacter pylori and reduce gastric pathology 
in East African populations. A novel approach to the reduction of H. pylori associated 
gastric pathology is found in the administration of the probiotic bacterium Lactobacillus 
rhamnosus yoba 2012 (LRY), the generic variant of LGG. This gastro-intestinal isolate 
inhibits H. pylori by competition for substrate and binding sites as well as production of 
antimicrobial compounds such as lactic acid. In addition, it attenuates the host’s H. pylori-
induced apoptosis and inflammation responses and stimulates angiogenesis in the gastric 
and duodenal epithelium.  

Subsequently, chapter 4.2 describes a nutritional trial on effect of probiotic yoghurt 
containing Lactobacillus rhamnosus yoba on Respiratory Tract Infection and other health 
outcomes among children aged 3-6 years in Southwest Uganda. This trial is not an isolated 
experiment, but is integrated in an ongoing program to stimulate the consumption of milk 
and probiotic yoghurt at schools in Southwestern Uganda. 1116 children (probiotic yoghurt 
n=584, milk n=532) were assessed on daily basis with regards to incidences of any type of 
disease during 3 weeks of baseline and 9 weeks of intervention. Over the course of the 
intervention period the incidence rate for RTI symptoms decreased faster in the yoghurt 
group than in the milk group (p = 0.09) resulting in a final RR of 0.85 (95% CI: 0.5 – 1.4) 
at the end of the intervention period. The incidence rate of skin infection related symptoms 
also reduced faster in the yoghurt group compared to the milk group (p < 0.0001) resulting 
in a relative risk factor (RR) of 0.6 (CI: 0.4 – 0.9) at the end of the intervention period. 

Chapter 4.3 then describes a double-blinded placebo-controlled interrupted time 
series study which was conducted to further study the effects of the consumption of 
probiotic yoghurt containing Lactobacillus rhamnosus yoba 2012 and Streptococcus thermophilus 
C106 on the incidence of skin diseases (folliculitis and tinea capitis), common cold and 
diarrhea. A total of 195 children from three to six years old (probiotic yoghurt n = 100, 
placebo dairy product n = 95) were assessed on a daily basis with regards to incidences of 
common cold and skin disease during three weeks of baseline and eight weeks of 
intervention. Over the course of the intervention period the incidence rate for respiratory 
tract symptoms (common cold) decreased faster in the yoghurt group than in the milk 
group (p = 0.003). At the end of the intervention, the overall respiratory tract symptom 
incidences of the yoghurt group reached a similar level as in the milk group (RR of 1.0; 
95% CI: 0.71 – 1.4), while a trend was observed for cough symptoms (RR of 0.82; 95% CI: 
0.48 – 1.4). The incidence rate of skin infection-related symptoms reduced slightly faster 
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in the yoghurt group compared to the milk group (p = 0.3) resulting in a similar level at the 
end of the intervention period (RR of 1.0; 95% CI: 0.87 – 1.2). 

Finally, chapter 5 discusses the overarching themes of the thesis, being the 
translation of science to impact society; the local production of yoghurt as means to 
increase income; and probiotic yoghurt for better health and nutrition. Chapter 5 also 
discusses the limitations and concerns associated with this research, and the outlook for 
further studies.  

The book closes with a summary, acknowledgements, and a section about the 
author.    
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Chapter 2.1 

 
This chapter was previously published as:  Kort R, Westerik N, Serrano LM, Douillard 
FP, Gottstein W, Mukisa IM, Tuijn CJ, Basten L, Hafkamp B, Meijer WC, Teusink B, 
de Vos W.M, Gregor Reid G, and Sybesma W. A novel consortium of Lactobacillus 
rhamnosus and Streptococcus thermophilus for increased access to functional fermented foods. 
Microbial Cell Factories. 2015;14(1):195. 
 
 

A novel consortium of Lactobacillus rhamnosus 
and Streptococcus thermophilus for increased 
access to functional fermented foods 

Abstract 

Background: The lactic acid bacterium Lactobacillus rhamnosus GG is the most 
studied probiotic bacterium with proven health benefits upon oral intake, including the 
alleviation of diarrhoea. The mission of the Yoba for Life foundation is to provide 
impoverished communities in Africa increased access to Lactobacillus rhamnosus GG under 
the name Lactobacillus rhamnosus yoba 2012, world’s first generic probiotic strain. We have 
been able to overcome the strain’s limitations to grow in food matrices like milk, by 
formulating a dried starter consortium with Streptococcus thermophilus that enables the 
propagation of both strains in milk and other food matrices. The affordable seed culture is 
used by people in resource-poor communities. 

Results: We used S. thermophilus C106 as an adjuvant culture for the propagation of 
L. rhamnosus yoba 2012 in a variety of fermented foods up to concentrations, because of its 
endogenous proteolytic activity, ability to degrade lactose and other synergistic effects. 

Subsequently, L. rhamnosus could reach final titers of 1E+09 CFU ml−1, which is sufficient 
to comply with the recommended daily dose for probiotics. The specific metabolic 
interactions between the two strains were derived from the full genome sequences of L. 
rhamnosus GG and S. thermophilus C106. The piliation of the L. rhamnosus yoba 2012, required 
for epithelial adhesion and inflammatory signalling in the human host, was stable during 
growth in milk for two rounds of fermentation. Sachets prepared with the two strains, yoba 
2012 and C106, retained viability for at least 2 years. 

Conclusions: A stable dried seed culture has been developed which facilitates local 
and low-cost production of a wide range of fermented foods that subsequently act as 
delivery vehicles for beneficial bacteria to communities in east Africa. 

 
Keywords: Enrichment, Lactobacillus rhamnosus GG, Lactobacillus rhamnosus yoba 

2012, Streptococcus thermophilus C106, Bacterial fermentation, Consortium, Yoghurt, 
Functional foods, Fermented foods 

Background 
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Diarrheal diseases and associated malnutrition remain a leading cause of mortality 
and morbidity of children in low-income countries in sub-Saharan Africa [1]. Beneficial 
bacteria, such as Lactobacillus rhamnosus GG are known to contribute to the reduction of the 
overall incidence of symptomatic rotavirus associated diarrhoea, as reported in a recent 
meta-analysis [2]. At present, such effective probiotics are not available in sub-Saharan 
Africa or not affordable to the poor. Other means of ingesting beneficial microbes include 
fermented foods, of which various forms have a long history in Africa and are broadly 
acknowledged to contribute to a healthy life style and gastrointestinal wellbeing [3, 4]. 
Unfortunately, traditional food processing is often hampered by spoilage; in Uganda alone, 

27 % of the produced milk is lost due to spillage and spoilage at different stages of the 
chain [5]. An additional concern is the decline of the consumption of fermented food due 
to westernization of diets [6, 7]. 

We reason that access to probiotic cultures for fermentation can contribute to 
improving health and wealth of people in resource poor countries in multiple ways: (1) 
increase of shelf life and microbial food safety, (2) reduce spoilage by controlled 
fermentations, (3) increase the nutritional properties of the fermented foods by delivery of 
beneficial bacteria, bioactive compounds such as vitamins, and sequestering toxic 
components, (4) prevent and reduce episodes of diarrhoea resulting from the intake of a 
probiotic strain, and (5) provide incomes for local producers who sell the foods. 

The ability to propagate probiotics in fermented foods is limited due to legal and 
biological constraints. On one hand, ownership of intellectual property and a for-profit 
business model limits sale to premium products. On the other hand, probiotics originating 
from niches in the intestinal tract often lack the metabolic capabilities to propagate well in 
food matrices. In addition, the continuous propagation of intestinal isolates in a dairy 
environment may lead to the selection of mutants with genetic rearrangements, potentially 
coinciding with a reduction of their probiotic functionality [8]. Recently, we reported on 
the concept of “generic probiotics”, as a practical solution to create increased access to 
probiotics for people in resource poor countries [9]. Analogous to generic drugs, we 
reasoned that patent-expired probiotics are free to be used by other suppliers. We applied 
this concept of generic probiotics, and after isolating L. rhamnosus GG from a commercially 
available product [9] we renamed it L. rhamnosus yoba 2012. 

The failure of the probiotic L. rhamnosus GG strain to grow in milk, results from its 
inability to degrade casein and lactose [10]. In order to enable propagation of the strain, 
food matrices should be enriched with either degradable sugars such as glucose, proteolytic 
enzymes, or partially hydrolysed nitrogen sources such as yeast extract. All three solutions 
lead to higher cost and technical complexity. As an alternative low-cost solution we 
identified a proteolytic strain of S. thermophilus able to degrade casein and lactose that would 
allow L. rhamnosus yoba 2012 to propagate. 

In the present work, we aimed at creating a novel bacterial consortium that can be 
easily distributed and used for local production of fermented foods with increased food 
safety and nutritional values, including a genetically stable probiotic strain. The newly 
formulated S. thermophilus C106 and L. rhamnosus yoba 2012 consortium was shown to be 
sufficiently stable. Under the applied conditions, the probiotic strain L. rhamnosus yoba 2012 
appeared to retain its pili, which are important for adhesion to the intestinal epithelium and 
related health effects [11, 12, 13]. 

Results 
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Isolation, characterization and genome sequence of S. 
thermophilus C106 

Streptococcus thermophilus C106 was isolated from an artisanal cheese produced in 
Ireland, and classified on the basis of its 16S rRNA sequence (data not shown). The draft 
genome sequence of S. thermophilus C106 has been deposited at GenBank, BioProject ID 

PRJNA288538. The full genome sequence with a GC content of 39.0 %, comprises 1.77 
Mbp assembled into 87 contigs and a total number of 1416 functional proteins have been 
annotated. The predicted functions of the proteins in COG categories [14] showed a rather 

equal distribution into cellular processes and signalling (18 %), information storage and 

processing (25 %) and metabolism (37 %) functions. Approximately 20 % of the predicted 
proteins have not been assigned a specific function (Additional file 1: Figure S1). 

The annotated genome sequence confirms the ability of S. thermophilus C106 strain 
to grow in milk by its endogenous metabolic capacity. A functional annotation of the 
genome reveals the presence of genes required for lactose catabolism (lacAYZ) operon, 
casein degradation (prtS) and transporters for peptides and dipeptides (oppABCDF, 
dtpABCDF). The genomic organization of the cell wall proteinase encoding gene (prtS) in 
S. thermophilus C106 is comparable to the one reported by Delorme et al. for S. thermophilus 

LM9-D and JIM8232 [15]. In the latter strains the proteinase gene is located in a 15 kb 
intergenic genomic island, between the pseudo gene ciaH and the gene rpst, as indicated in 

Fig. 1. Different from the findings of Delorme et al. [15], we were not able to confirm the 
presence—in silico—of mobile elements on both flanking regions of the prtS gene in S. 
thermophilus C106, but only in the upstream region. This is likely because mobile elements 
are repetitive sequences easily missed during the assembly and annotation process. 

In addition, the annotated genome sequence indicates that S. thermophilus C106 is 
able to synthesize all essential amino acids, including histidine, methionine and glutamate, 
which is considered to be an indispensable metabolic property for growth in milk, as 

glutamate and methionine are scarce in milk with concentrations of approximately 45 mg 

and <1 mg l−1 [16], which are below the minimally required levels of 200 and 60 mg l−1, 
respectively [17]. It should be noted that auxotrophy for histidine and methionine is 
common among streptococci, see e.g. S. thermophilus LMG18311 [18]. 

The growth of S. thermophilus C106 in milk as sole carbon and nitrogen source was 

measured at temperatures of 32, 37, 42 and 45 °C (Fig. 2). Above 32 °C the strain was able 
to produce enough acid (presumably lactate) to acidify the milk from pH 6.2 until pH 4.2 

within 24 h. The production of lactate (as expressed in the difference in pH as a function 
of time) by S. thermophilus C106 increased at higher temperatures, reinforcing the 
thermophilic character of S. thermophilus C106. The highest delta pH/time (0.80), and thus 

the optimal growth temperature was found at 42 °C. Cell count analysis at t = 0 h and 

t = 24 h, at the optimal temperature, indicated that the propagation in milk resulted in a 4 
log CFU increase during this cultivation time. 
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Fig. 1 Chromosomal regions of different streptococci genome sequences. a S. thermophilus C106; b S. thermophilus LMD-9; 
c S. thermophilus JIM8232; d S. thermophilus MN-ZLW-002; e S. thermophilus CNRZ1066 and f S. thermophilus LMG 1831 
depicting the genomic island flanked by mobile elements of four open reading frames: potC (truncated), potD, eriC, prtS. 
Other genes in this figure are coaA (pantothenate kinase), ciaH (sensor protein), fhs (formate-tetrahydrofolate), pgmA 
(phosphoglucomutase), metF (methylenetetrahydrofolate reductase), metE (5-methyltetrahyropteroltriglutamate-
homocysteine S-methyl transferase), pabB (para-amino benzoate synthase component I), pacL1 (Ca2+, Mn2+, P-ATPase) 

 

https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Fig1_HTML.gif
https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Fig1_HTML.gif
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Fig. 2 Fermentation profile of S. thermophilus C106 in milk at different temperatures. (filled circle) 32 °C; (filled triangle) 
37 °C; (filled square) 42 °C; (unfilled square) 45 °C 

Metabolic interactions between S. thermophilus C106 and L. 
rhamnosus GG 

A combined analysis of the genomes of S. thermophilus C106 and L. rhamnosus GG 
[12, 19], and its generic variant Lactobacillus rhamnosus yoba 2012 used for this study [8], 
revealed potential interactions between the Streptococcus and Lactobacillus strains during 

growth in milk (Table 1). The interactions were compared to those of the classical yoghurt 
consortium S. thermophilus and L. Bulgaricus [20], and references therein. While L. Bulgaricus 
is proteolytic, S. thermophilus is usually non-proteolytic and therefore growth of most S. 
thermophilus strains can be highly improved when co-cultured with L. Bulgaricus, as they 
profit from released peptides and amino acids. L. Bulgaricus lacks a pyruvate-formate lyase 
and might be supplied with formate by S. thermophilus as well as with folic acid, which is 
required for purine and amino acid biosynthesis. Furthermore, L. Bulgaricus benefits from 
the carbon dioxide released by S. thermophilus, which is used for amino acid and nucleotide 
biosynthesis. Since L. Bulgaricus misses parts of the biosynthetic pathway needed for the 
biosynthesis of long chain unsaturated fatty acids, which can promote growth, one can 
speculate that S. thermophilus also would also supply long chain unsaturated fatty acids to L. 
Bulgaricus. It is further suggested that both organisms exchange ornithine and putrescine in 
order to increase their resistance to oxidative stress. 

 
  

https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Fig2_HTML.gif
https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Fig2_HTML.gif
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Table 1 Potential interactions between S. thermophilus and Lactobacillus species. Metabolic interactions include those in the 
classical yoghurt consortium of L. Bulgaricus and S. thermophilus and between S.thermophilus C106 and Lactobacillus 
rhamnosus yoba 2012 
 

Classical yoghurt consortium  Novel consortium 

Compound S. 
thermophilus  

L. 
Bulgaricus  

 Compound S. thermophilus 
C106 

L. rhamnosus 
yoba 2012 

Amino acids Consumes Provides  Folic acid Provides Consumes 
Carbon dioxide Provides Consumes  Galactose Provides Consumes 
Fatty acids Provides Consumes  Glycerol Provides Consumes 
Folic acid Provides Consumes  Peptides Provides Consumes 
Formic acid Provides Consumes  Succinate Provides Consumes 
Ornithine Provides Consumes  Xanthine/Guanine Provides Consumes 
Peptides Consumes Provides        
Putrescine Consumes Provides        
Pyruvatic acid Provides Consumes        

 
The potential interactions between S. thermophilus C106 and L. rhamnosus yoba 2012 

were determined by using genome-scale models (see Methods for details). The models 
suggest that L. rhamnosus yoba 2012 is not capable of producing folic acid, which therefore 

needs to be provided by C106 (Table 1). Moreover, C106 needs to provide either xanthine 
or guanine to L. rhamnosus yoba 2012, both of which are involved in purine metabolism. 
We also observed an excretion of succinate and glycerol by C106, which can both be 
metabolized by L. rhamnosus yoba 2012. The L. rhamnosus strain cannot grow on lactose, 
however on galactose [21], which is released by C106, as concluded from HPLC analysis 
of milk fermented by the consortium (data not shown). While this interaction is revealed 

by our stoichiometric model, the uptake of galactose by L. rhamnosus yoba 2012 may not be 

essential for growth since in silico it could also utilize succinate or glycerol made by C106 
as described above. In the experimental set-up, however, an accumulation of galactose in 
the media would be disadvantageous for C106 because of product inhibition. Hence, the 
removal of galactose by L. rhamnosus yoba 2012 might be beneficial for the C106 strain. 

Preparation, fermenting capacity and technical properties of L. 
rhamnosus yoba 2012 and S. thermophilus C106 seed culture 

The production process for the dried seed cultures and its subsequent application 

for the preparation of fermented foods are depicted in Table 2 and Additional file 2: Figure 
S2. In a typical experiment, one gram of seed culture containing L. rhamnosus yoba 2012 

and S. thermophilus C106 in concentrations of 5E+09 CFU g−1 each, was used as inoculum 

for one l of semi-skimmed milk. Growth temperature can vary between 37 and 45 °C. After 
a short lag phase, the milk acidified until pH 4.3, while both the L. rhamnosus and S. 

thermophilus strains propagated and reached titers of 7.8E+08 and 1E+09 CFU ml−1, 

respectively (Table 3, rows 3 and 4). The fermentation profile (pH decrease as a function 

of time) is depicted in Fig. 3. For the so-called main fermentation, 1 % (v/v) of fermented 
milk produced by the first round of fermentation was used as an inoculum. The final pH 

and cell titers were similar to those observed after the first fermentation (Table 3 rows 4 
and 5). In addition to pH and CFU analyses, HPLC analyses indicated a consumption of 
lactose and production of galactose and lactic acid (data not shown). 

In order to test the stability and fermentation activity of the seed cultures over time, 

the growth experiments were repeated 2 years later using seed cultures from the same 
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production batch stored at −20 °C. Table 4 shows the cell concentration of the two strains 
determined in 8 different seed cultures, and indicates a non-significant loss of viability for 

S. thermophilus (from 2.5 to 2.3E+09 CFU g−1) and a minor decrease in the average cell 

count of L. rhamnosus yoba 2012 (from 4.9 to 1.5E+09 CFU g−1). The latter decrease is 
acceptable as it does not significantly affect the fermentation profiles and final CFU’s of 
L. rhamnosus strain in fermented food products. Accordingly, the fermentation profile 

shown in Fig. 3 and the measured pH and cell count in Table 3 (rows 13–16) confirmed 

that the cultures had kept their fermentation capacity at 37 and 45 °C. 
 
Table 2 Seed culture production and application protocol. In order to assure food safety of the produced steed cultures, the 
seed cultures were checked for absence of pathogen and spoilage organisms after step 4 

 

 
 

Robustness of piliation of L. rhamnosus yoba 2012 during milk 
fermentation 

Previously, we reported that the genome of L. rhamnosus GG is prone to genetic 
rearrangements, especially around the insertion sequence flanked genomic islands 
containing the spaCBA-srtC1 pili encoding genes [8]. Therefore, we checked for the 
presence of pili after the first and second fermentation of the milk. The generic variant of 
L. rhamnosus GG used in this study, L. rhamnosus yoba 2012, harbored pilus structures, as 

observed by immunogold-staining TEM (Fig. 4). Immunoblotting with anti-spaA 
antiserum on 36 L. rhamnosus colonies isolated from the first passage were all piliated, 
whereas immunoblotting on 72 L. rhamnosus colonies isolated after the second passage 

indicated that 4 colonies were pilus negative (Fig. 5). The observed pilus phenotypes were 

confirmed by LGG-specific and pilus-specific (the srtC1 gene) PCRs for a selected number 

https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Tab2_HTML.gif
https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Tab2_HTML.gif
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of colonies. Quantitative PCRs performed on fermented milk samples after the first and 
the second passage did not show a detectable loss of pilus-specific genes (data not shown), 
confirming that the loss of these genes was a marginal in terms of its impact on probiotic 
functionality. 
 
Table 3 Propagation of Lactobacillus rhamnosus yoba 2012 in a variety of fermented foods. Fermentations were carried out 
at 37 °C unless stated otherwise. The cell count of L. rhmanosus GG and S. thermophilus C106 after inoculation varied 
between 1E+06 and 1E+07 CFU ml−1  
ND: not determined, aFirst passage, one gram seed culture used as inoculum, bSecond passage, freshly prepared liquid starter 
used as inoculum, cTwo year old seed culture, dIncubation at 45 °C, eAverage of three independent CFU counts per product 
over a period of 2 weeks, fStarter with exclusively L. rhamnosus yoba 2012 as reported by Mpofu et al. [40] 

Product Origin/sit
e 

Raw 
materials/Compositio
n 

After fermentation (CFU/ml) 

L. 
rhamnosu
s  

S. 
thermophilu
s  

S. 
th/ 
L.rh
a  

t 
(h
) 

T 
(°C
) 

pH 

Yoba Uganda Semi-skimmed milka,d  2.1E+07 7.8E+08 37 16 45 4.3 
Yoba Uganda Semi-skimmed milka,d  1.8E+07 9.0E+08 50 16 45 4.3 
Yoba Uganda Semi-skimmed milkb,d  1.3E+07 1.60E+09 123 16 45 4.3 
Yoba Uganda Semi-skimmed milkb,d  9.5E+06 1.90E+09 200 16 45 4.3 
Yoba Kenya 1000 ml of milkc  4.0E+07 ND – 16 45 ND 
Yoba Kenya 1000 ml of milkc  2.2E+07 ND – 16 45 ND 
Yoba Uganda 1000 ml of milkc  6.2E+07 1.6E+09 26 16 37 4.4 
Yoba Uganda 1000 ml of milkc  7.9E+07 1.5E+09 19 16 37 4.4 
Yoba Uganda 1000 ml of milkb  6.5E+07 2.4E+09 37 16 37 4.3 
Yoba Uganda 1000 ml of milkb  5.6E+07 2.3E+09 41 16 37 4.3 
Yoba Uganda 1000 ml of milkc,d  2.6E+07 5.1E+08 20 16 45 4.4 
Yoba Uganda 1000 ml of milkc,d  3.5E+07 8.0E+08 23 16 45 4.4 
Yoba Uganda 1000 ml of milkb,d  1.7E+07 1.7E+09 100 16 45 4.3 
Yoba Uganda 1000 ml of milkb,d  1.6E+07 8.0E+08 50 16 45 4.3 
Zomkom Burkina 

Faso 
100 g wheat, 1000 ml 
waterb  

3.4E+08 3.3E+06 0.01 15 37 <4.
3 

Zomkom Burkina 
Faso 

75 g wheat, 250 ml 
milk, 750 ml waterb  

2.5E+08 5.7E+08 2 15 37 <4.
3 

Zomkom Burkina 
Faso 

50 g wheat, 500 ml 
milk, 500 ml waterb  

6.6E+08 2.7E+09 4 15 37 <4.
3 

Zomkom Burkina 
Faso 

25 g wheat, 750 ml 
milk, 250 ml waterb  

2.6E+08 2.8E+09 11 15 37 <4.
3 

Zomkom Burkina 
Faso 

0 g wheat, 1000 ml 
milk, 0 ml waterb  

3.8E+07 2.4E+09 63 15 37 <4.
3 

Obushera Uganda 50 g sorghum in 400 
ml waterc  

2.8E+08 ND – 24 25 4.0 

Obushera Uganda 50 g sorghum in 
400 ml waterc  

1.3E+08 ND – 24 25 4.1 

Uji Kenya Maizeb,e  8.9E+09 ND – 16 45 ND 
Uji Kenya Sorghumb,e  7.5E+09 ND – 16 45 ND 
Uji Kenya Sorghum and maize 

(1:1)b,e  
3.7E+09 ND – 16 45 ND 

Mutandabot
a 

Zimbabwe Pulp of the baobab 
fruit and milkf  

6.3E+08 0 – 24 30 3.5 
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Fig. 3 Fermentation capacity of seed cultures in pasteurized semi-skimmed milk inoculated after different storage times and 
at different growth temperatures. 45 °C, 2 years old (filled circle, unfilled circle); 45 °C fresh (filled triangle, unfilled triangle); 
37 °C 2 years old (filled square, unfilled square) 
 
 
Table 4 Stability and bacterial content variability of dried seed cultures. The values indicate the CFU ml−1 of Lactobacillus 
rhamnosus yoba 2012 (L. rha) and Streptoccoccus thermophilus C106 (S. the) produced on 18/01/2013 and tested on 
12/07/2013 and 13/02/2015 

Sachet # 2013  2015 

L. rha (109 CFU g−1) S. the (109 CFU g−1)  L. rha (109 CFU g−1) S. the (109 CFU g−1) 

1 4.0 2.7  1.4 2.0 
2 3.1 1.4  1.5 2.7 
3 6.3 3.0  1.4 2.2 
4 3.9 2.0  1.4 2.2 
5 3.9 2.2  1.2 1.8 
6 7.7 2.9  1.5 2.5 
7 5.5 2.9  1.1 2.1 
8 5.1 2.7  2.2 3.0 
Average 4.9 ± 1.5 2.5 ± 0.6  1.5 ± 0.3 2.3 ± 0.4 

 
 
 

https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Fig3_HTML.gif
https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Fig3_HTML.gif
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Fig. 4 Transmission electron microscopy observations of piliated Lactobacillus rhamnosus strain yoba 2012. Cells were 
isolated from fermented milk and immuno-gold labeled with anti-SpaA antibodies and gold particule-conjugated protein A. 
Gold particules (5 nm) co-localize with pilus structures (black dots on pictures) 
 

 
Fig. 5 Immunoblotting analysis of fermented milk after first (a) and second passage (b) using anti-SpaA serum. Single L. 
rhamnosus colonies were randomly picked from 2-day old MRS agar plates and analyzed by immunoblotting using anti-SpaA 
polyclonal antibodies. In a 70 out of 72 colonies tested were pilus positive (97.2 %). In b 101 out of 108 colonies tested were 
pilus positive (93.5 %). Note: a third immunoblotting (not shown in Fig. 5) was performed for sample 2b and included in the 
piliation percentage calculation above. Piliation phenotype of some colonies tested was further confirmed by PCR analysis 
as described in the “Methods” 

https://media.springernature.com/full/springer-static/image/art:10.1186/s12934-015-0370-x/MediaObjects/12934_2015_370_Fig5_HTML.gif
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Application of L. rhamnosus yoba 2012 and S. thermophilus C106 
seed culture on other food raw materials 

In order to further investigate the potential of using L. rhamnosus yoba 2012 and S. 
thermophilus C106 seed cultures for preparation of other traditionally fermented foods, we 
tested production of zomkom (Burkina Faso, wheat and milk), obushera (Uganda, 
sorghum), uji (Kenya, maize or sorghum) and mutandabota (Zimbabwe, fruits of the 

baobab tree and milk). Table 3 shows that all ingredients were well-fermented down to a 
pH of approximately 4.3. Depending on the specific food matrix, the titer of L. rhamnosus 
yoba 2012 and S. thermophilus C106 increased up to a factor of 1000 resulting in a final titer 

of >1 109 CFU ml−1. Furthermore, L. rhamnosus propagated well in wheat, sorghum and 
maize. In contrast, S. thermophilus did not multiply without the presence of milk in wheat, 
despite the growth of L. rhamnosus in this food matrix. 

Food safety and sensory evaluation 

In addition to the technical evaluation, the fermented products were subjected to 
food safety tests, as required for human consumption, prior to sensory evaluation by local 
Ugandan panel members. In a total of 10 sachets each containing 1 g of seed culture, the 
following results were obtained: no detectable levels of Enterobacteriaceae, less than 

100 CFU g−1 of non-lactic acid bacteria, less than 10 CFU g−1 of yeasts and moulds, no 

detectable levels of Listeria monocytogenes and no detectable levels of Salmonella. 
Typical sensory aspects such as texture, viscosity, creaminess, taste, sourness, 

sweetness and mouthfeel were evaluated. Whitening ability and whey separation were also 
evaluated for the fermented milk products. Despite the large variation of the scores, likely 
as a results of different raw materials and not always perfectly controlled processing 
conditions in the African setting, the overall liking and general acceptability of all fermented 
products were positive (data not shown). 

Discussion 

Africa has an extensive history of production and a rich variety of traditionally 
fermented foods. These type of foods have a large impact on the nutrition, health and 
socio-economy of the people of a continent that is often challenged by war, drought, 
famine and disease. So far the use of indigenous foods as potential vehicles for delivering 
beneficial bacteria received little attention, notwithstanding their great potential for 
prophylactic and therapeutic use in resource poor countries [4]. 

Here we describe the development and the characterization of a stable dried seed 
culture that induces the propagation of probiotic L. rhamnosus yoba 2012 in milk, fruit and 

cereal-based food matrices. Through the addition of S. thermophilus C106 to the seed 

culture, we were able to overcome the metabolic limitations of L. rhamnosus to grow in milk, 
a widely-available raw material in rural regions of sub-saharan Africa: Degradation of casein 

and lactose was carried out by S. thermophilus, which provided peptides and 

monosaccharides, including galactose, that could be subsequently be used by the L. 
rhamnosus strain. 

In traditional yoghurt fermentations, S. thermophilus stimulates L. Bulgaricus via 
lipolysis and by supplying formic acid, folic acid and CO2, which are all involved in purine 
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metabolism. In turn, L. Bulgaricus provides S. thermophilus with peptides and amino acids 
released from milk casein by its exoprotease PrtB. Exopolysaccharides are reported to 
potentially facilitate these nutritional exchanges [22]. Contrary to the proto-cooperation of 

the usual yoghurt strains, the S. thermophilus C106 is able to grow in milk without the 
metabolic activity of a Lactobacillus strain. Although the removal of galactose by L. rhamnosus 
yoba 2012 might increase the final titres of S. thermophilus C106, detailed evidence for 

mutual metabolic dependencies and benefits for both the S. thermophilus C106 and L. 
rhamnosus yoba 2012 consortium should be gained from longitudinal transcriptome analysis 
during fermentation [22]. 

The use of two strains provides an affordable way of delivering dried seed cultures 

at an affordable price for people living in resource poor settings. To reach 100 l production, 

the strains are first grown in 1 l followed by passage to the larger milk volume (Table 3; 

Fig. 3). Multiple analyses of the final titre of L. rhamnosus yoba 2012 in the fermented milk 

indicated a concentration of approximately 8E+07 CFU ml−1, which would result in a daily 

dose of at least 1E+10 CFU upon consumption of 200–250 ml of the fermented drink. 
A well-accepted aspect of fermented food is its food preservation capacity and 

increased nutritional value compared to the non-fermented raw material. The use of the 
present combination of lactic acid bacteria will help to avoid spoilage, enhance food safety 
and increase the nutritional value by delivery of vitamins [23]. Examples of such 
characteristics are shown by the prevention of outgrowth of the food pathogen Cronobacter 
sakazakii in a sorghum matrix as a result of the acidification by lactic acid produced by L. 
rhamnosus GG and potentially other antagonistic effects induced by specific antimicrobial 

peptides (Fig. 6a). This finding of enhanced microbial food safety is further supported in a 
recent study indicating the efficient suppression of five food pathogens in an African dairy 
product fermented with Lactobacillus rhamnosus yoba 2012 [24]. In addition, we evaluated 
the change in concentration of B vitamins as a result of the fermentation process. We 
observed a 3-fold increase of vitamin B1 or thiamine, while the other B vitamins remained 

at similar concentrations to those found prior to fermentation (Fig. 6b). 
In addition, detoxification is a well-accepted benefit of some food fermentations 

[25]. Although not tested here, L. rhamnosus GG has been shown to bind and neutralize 
toxins known to contaminate foods, leading to a reduction of their uptake in the gastro-
intestinal tract as they are secreted with L rhamnosus GG during defecation. [26, 27]. In 
addition, probiotic L. rhamnosus GR-1 supplemented yoghurt has been shown to lower 
mercury and arsenic uptake in children and pregnant women [28]. 

Another probiotic functionality of L. rhamnosus GG relates to adhesion. Recent 
studies indicated that the pilus encoding spaCBA-srtC1 genes are responsible for epithelial 
adhesion and subsequent induction of cellular responses [11, 13]. In the present 
consortium and its subsequent use for yoghurt production, we could show that only minor 
depiliation was observed with the L. rhamnosus strain. On this basis, we conclude that the 
new fermented milk product described here did not significantly lose probiotic activity 
related to adherence capacity during two passages in the yoghurt production process. 

In a more clinical context, a number of studies have shown that oral administration 
of L. rhamnosus GG bacteria results in in a reduction of the duration of diarrhoea [29]. 
Meta-analyses of clinical studies led to scientific consensus for Lactobacillus rhamnosus GG 
as a probiotic that upon oral intake is able to consistently shorten the diarrheal phase of 
rotavirus infection by one day with no reported adverse events, see e.g. [30, 31]. Notably, 
this diarrheal disease is a major concern among children in sub-Saharan Africa, including 
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Uganda [32]. We plan to further substantiate the health benefits of affordable generic 
probiotics by intervention studies among local communities in Uganda. The outcome of 
these studies could provide more insights in specific health benefits brought by fermented 
foods produced by controlled fermentation, including so-called locally sourced probiotics 
[33], in addition to the generic use of a globally sourced probiotics as described here. 

It should be noted that the current practices of traditional fermentation are mostly 
restricted to the house-hold level and are not suitable for commercialization as a result of 
poor and inconsistent quality of final products. The distribution of the Yoba seed cultures 
allows small entrepreneurs and cooperatives to produce fermented food in a controlled 
manner, which renders these products suitable for consumer acceptance and local 
commercialization. Apart from the improved quality, the use of seed cultures for controlled 
fermentation prevents spoilage and results in reduced food losses. According to our 
observations, the introduction of the seed cultures in rural Uganda does not affect 
traditional fermented food practices at the house-hold level. People who rely on rural 
homesteads for their meals including traditional fermented foods will continue to do so, 
since this often concerns own farm produce whereby no costs are involved. However, 
people who have budget to take food in villages and trading centres tend to switch to 
yoghurt instead of other, often unhealthy and less nutritious types of food and soft drinks. 
To date, seed cultures containing the two strains described in this paper have been 
implemented by 46 dairy cooperatives and local producers in Uganda, resulting in sales of 

over 8000 l of probiotic fermented milk per week in mostly rural areas. This has benefitted 
over 25,000 people, including producers and consumers (Additional file 3: Figure S3) with 
the potential to reach hundreds of thousands in the near future. 
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Fig. 6. Additional benefits of foods fermented with Lactobacillus rhamnosus. a Growth of the pathogen Cronobacter sakazakii 
in sorghum in presence (unfilled circle) and absence (filled circle) of fermenting Lactobacillus rhamnosus. b Change in vitamin 
B content of soy after and before fermentation 
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47 
 

Conclusions 

We have described the creation of a novel probiotic formulation of two lactic acid 
bacteria that is affordable and practical for use in resource-challenged communities in 
Africa. An essential feature of the formulation is strain S. thermophilus C106 which 
complements the disability of L. rhamnosus yoba 2012 to grow in milk by degrading casein 
and lactose. The entire production process has been validated and is carried out in rural 
areas and only requires the sachet, milk, a sauce pan and a source of heat. The freeze-dried 
strains stored in moisture-proof sachets remain active over a period of at least 2 years. This 
initiative provides a means to bring highly nutritious, health-promoting food to people 
around the world who currently have no access to probiotic benefits. 

Methods 

Genome-scale metabolic model of L. rhamnosus yoba 2012 and S. 
thermophilus C106 

Genome scale models for S. thermophilus C106 and L. rhamnosus yoba 2012 have been 
created based on the NCBI reference sequences NC_013198.1 and NC_006448.1, 
respectively, using FiJo: in-house developed software based on the Autograph method [34] 
using L. plantarum WCFS1 and S. thermophilus LMG18311 as reference models. Non-gene 
associated reactions from L. plantarum and S. thermophilus were added to the models of L. 
rhamnosus yoba 2012 and S. thermophilus C106, respectively. Details in cell wall components 
and fatty acid biosynthesis were copied from the reference models as they were not 
considered to affect the metabolic interactions and would require more detailed scrutiny 
outside of the scope of this paper. Potential interactions have been revealed by forcing 
equal growth rate to both organisms which would be required for balanced growth of the 
consortium [35] and subsequently disabling transport reactions for shared metabolites. 
Through flux balance analysis (FBA) with growth rate as objective function, we scored 
which reactions abolished growth. The media consists of biotine, lactose, milk peptides, 
nicotinate, pantothenate, phosphate, pyridoxamine, riboflavin, thiamin and water. All 
simulations have been performed using CBMPy associated to PySCeS [36]. 

Preparation of the dried seed culture 

The strain Lactobacillus rhamnosus yoba 2012 [9]; strain LMG 27229 was isolated from 
a powder dairy formula by Sybesma et al. [8]. The Streptococcus thermophilus C106 strain (CSK 
Food Enrichment culture collection, Ede, The Netherlands) was isolated from an artisanal 

cheese in Ireland. LMG 27229 and S. thermophilus C106 were cultivated in 100 and 12,000 l 
batch fermentations, respectively, harvested by centrifugation, supplemented with lactose 

as a cryoprotectant, frozen in pellets using liquid nitrogen and stored at −55 °C, following 
CSK food enrichment fermentation recipes. 

The cell concentration of L. rhamnosus yoba 2012 and S. thermophilus C106 in the 
frozen pellets was determined by using plate assays of MRS (Biotrading, article 

K511F200GV) or M17 (Biotrading, K464F200GV) supplemented with 0.5 % lactose, 
respectively. The frozen pellets were also checked for the presence of Enterobacteriaceae 
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(absent in 10 ml), non-lactic acid bacteria (<100 CFU ml−1), yeasts and moulds 

(<10 CFU ml−1), Listeria monocytogenes (absent in 1 ml) and Salmonella (absent in 1 ml). Two 
kg of liquid frozen pellets were freeze dried (GR Instruments; Wijk bij Duurstede, 

Netherlands) for 48 h at −40 °C. Next, the freeze dried residue was grinded into a 
homogenous powder, followed by cell count analysis of the two strains. The bacterial 
powders were blended with an inert maltodextrin up to a target concentration between 5 

109 and 1E+10 CFU g−1. Finally, the bacterial powder was filled under humidity-controlled 
conditions in water-tight sachets with total dried powder content of one gram per sachet. 

The entire seed culture production process is shown in Table 2. 

Acidification profiles of seed cultures 

Milk was pre-treated by a heating step of 30 min at 102 °C and aliquoted into four 

250 ml glass bottles. The temperature of each bottle was adjusted to 32, 37, 42 or 45 °C 
using different water baths. Frozen pellets of S. thermophilus C106 with known starting 

viability were dosed (0.25 g l−1) into 200 ml milk. For each cultivation the pH was 

monitored every 30 min for a total of 240 h. 

Immunoblotting analysis 

From 48 h MRS plates, two distinct colony morphologies could be observed: large 
white colonies and very small white colonies, corresponding, respectively, to L. rhamnosus 
and S. thermophilus cells. L. rhamnosus colonies were randomly picked from seed culture 
sachets, first and second passages of fermented milk for further analysis. Expression of 
SpaA pilin subunits in L. rhamnosus cells was assessed using a immunoblotting approach 
where single colonies were transferred into 96-well plates and analyzed by immunoblotting 
using polyclonal anti-SpaA antibodies, as primary antibody and goat anti-rabbit antibodies 
conjugated to horse radish peroxidase, as secondary antibody (Biorad Laboratories Inc., 
Hercules, CA, USA). The overall method has been described previously [10]. 

Colony PCR-screening 

Lactobacillus rhamnosus colonies were picked from MRS agar plates, re-suspended in 

20 µl double distilled water and microwaved for 3 min to break down the bacteria cells. 

Next, 2 µl of each picked colony was added to Green Dream Taq Master Mix (Thermo 
Scientific) as per manufacturer’s instructions using one of the two different sets of primers, 

as described below. Amplicons were analyzed by 1 % (w/v) agarose gel electrophoresis. 
The sequences of the LGG-specific primers were based on a previous study [37], the srtC1-

specific primers include the forward primer 5′-AAACCGCCCAACTTGAAGCCTC-3′ 

and the reverse primer 5′AAAGTTAATAAGATAAATGAG-3′. 

Immuno-staining transmission microscopy 

Samples were observed by transmission electron microscopy (JEOL 1400, Jeol Ltd., 

Japan), as previously described [38]. Gold particles with a diameter of 5 nm were 
conjugated to protein A and polyclonal anti-SpaA antibodies were employed to visualize 
pilus structures on the cell surface of L. rhamnosus. 
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Preparation of probiotic fermented foods 

In a typical experiment, the content of a sachets (one gram) was used to inoculate 

1 l of semi-skimmed and pasteurized milk (1.5 % fat, 3.5 % protein), and incubated at 37 

or 45 °C for approximately 12 h, until pH 4.3 (first passage). The fermented milk was 

subsequently used as inoculum for the production of maximal 100 l fermented milk or 
other fermented food (second passage). 

Fermentations in milk were carried out for pilot experiments in the laboratory of 
CSK Food Enrichment, Ede, The Netherlands as well as for yoghurt1 production in 
African countries, including Uganda, Kenya, Tanzania, Zambia, Zimbabwe, and Burkina 

Faso (Table 3). Obushera—a sorghum-based beverage [39]—was fermented with the Yoba 
seed culture in the Department of Food Technology and Nutrition, Makerere University, 

Kampala, Uganda for a period of 24 h at 25–27 °C. 
Uji was prepared at the Jomo Kenyatta University of Agriculture and Technology 

in Kenya. Sorghum, maize flour or a mixture of both was added to water to a final 

concentration of approximately 6 % (w/v), boiled to obtain a thick porridge and cooled 

down to 45 °C prior to inoculation with the Yoba seed culture. Zomkom, a sorghum-based 
beverage from Burkina Faso, was prepared in The Netherlands by boiling one l of water 

with sorghum or wheat flour, full fat milk, 5 % ginger syrup (v/v) and 3 % dark brown 

sugar (w/v), as specified in Table 3. After pasteurization and continuous stirring, the 

mixture was cooled down to 43 °C and a freshly prepared fermented milk starter (1–2 %) 

was added. The mixture was incubated at 37 °C for 15 h. 
The preparation of fermented mutandabota—a product from the fruits of the 

baobab tree and milk—in Zimbabwe has been reported previously [40]. 
Cell counts for L. rhamnosus and S. thermophilus were determined on MRS agar 

medium (Difco Laboratories, Detroit, MI, USA) and LM17 (Difco Laboratories), 
respectively, by using commonly applied microbiological plating methods. 

Food safety of seed cultures and sensory evaluation of dairy and cereal-based 
fermentations 

The content of the seed cultures were routinely tested by selective enumeration 
methods: Listeria monocytogenes according to ISO 11290-2, Enterobacteriaceae yeast and 
moulds according to ISO 7954 (1987) and non-lactic-acid bacteria according to a validated 
in-house colony count technique from Eurofins Food Testing BV, Heerenveen, The 
Netherlands. Typical sensory aspects such as color, structure, firmness, sweetness, sourness 
and taste were evaluated by a panel in Uganda in agreement with local practices. Whitening 
ability and whey separation were also evaluated for the fermented milk products. 

Availability of supporting data 

The genome sequence of S. thermophilus C106 has been deposited in GenBank with 
accession number LGRS00000000, BioProject ID PRJNA288538. The genome sequence 
of L. rhamnosus yoba 2012 has been reported previously [8] and deposited at the NCBI 
BioSample database, Sequence Read Archive, project SRP017797. 

 

 
1 The final product of milk fermented by Lactobacillus rhamnosus yoba 2012 and S. thermophilus C106 as 

described in this paper is referred to as fermented milk, yoghurt or Yoba. 
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Categories: CELLULAR PROCESSES AND SIGNALING: [D] Cell cycle control, cell 
division, chromosome partitioning; [M] Cell wall/membrane/envelope biogenesis; [N] Cell 
motility; [O] Post-translational modification, protein turnover, and chaperones; [T] Signal 
transduction mechanisms; [U] Intracellular trafficking, secretion, and vesicular transport; 
[V] Defense mechanisms. INFORMATION STORAGE AND PROCESSING (355): [J] 
Translation, ribosomal structure and biogenesis; [K] Transcription; [L] Replication, 
recombination and repair. METABOLISM (529): [C] Energy production and conversion; 
[E] Amino acid transport and metabolism; [F] Nucleotide transport and metabolism; [G] 
Carbohydrate transport and metabolism; [H] Coenzyme transport and metabolism; [I] 
Lipid transport and metabolism; [P] Inorganic ion transport and metabolism; [Q] 
Secondary metabolites biosynthesis, transport, and catabolism and unknown function: [R] 
Function does not belong to COG categories [S] Function unknown.  

12934_2015_370_MOESM2_ESM.pdf Additional file 2: Figure S2. Protocol for 
the production of fermented milk from the seed culture. Front and backside of the sachets 
designed for African dairy producers. The protocol on the backside indicates two rounds 

of fermentation: round 1 from the dried bacterial powder (1 g per l) to fermented milk. 

round 2: from 1 l fermented milk to 50-100 l fermented milk.  
12934_2015_370_MOESM3_ESM.pdf Additional file 3: Figure S3. 

Geographical placement of Yoba yoghurt producing groups in Uganda and their weekly 
volumes as of October 2015. Cities are indicated by blue circles, Yoba producing 
cooperatives by red circles, and starter culture distribution points by yellow triangles.  

  



52 
 

References 

1. Collaborators GBoDS. Global, regional, and national incidence, prevalence, and 
years lived with disability for 301 acute and chronic diseases and injuries in 188 
countries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 
2013. Lancet. 2015. 

2. Szajewska H, Wanke M, Patro B. Meta-analysis: the effects of Lactobacillus rhamnosus 
GG supplementation for the prevention of healthcare-associated diarrhoea in 
children. Aliment Pharmacol Ther. 2011;34:1079–87. 

3. Chilton SN, Burton JP, Reid G. Inclusion of fermented foods in food guides around 
the world. Nutrients. 2015;7:390–404. 

4. Franz CM, Huch M, Mathara JM, Abriouel H, Benomar N, Reid G, Galvez A, 
Holzapfel WH. African fermented foods and probiotics. Int J Food Microbiol. 
2014;190:84–96. 

5. Balikowa D. A review of Uganda’s dairy industry. Retrieved from the Dairy 
Development Authority. 2011. http://www.fao.org/3/a-aq292e.pdf. 

6. Monachese M, Cunningham-Rundles S, Diaz MA, Guerrant R, Hummelen R, 
Kemperman R, Kerac M, Kort R, Merenstein D, Panigrahi P, et al. Probiotics and 
prebiotics to combat enteric infections and HIV in the developing world: a 
consensus report. Gut Microbes. 2011;2:198–207. 

7. Reid G, Nduti N, Sybesma W, Kort R, Kollmann TR, Adam R, Boga H, Brown 
EM, Einerhand A, El-Nezami H, et al. Harnessing microbiome and probiotic 
research in sub-Saharan Africa: recommendations from an African workshop. 
Microbiome. 2014;2:12. 

8. Sybesma W, Molenaar D. van IW, Venema K, Kort R: genome instability in 
Lactobacillus rhamnosus GG. Appl Environ Microbiol. 2013;79:2233–9. 

9. Kort R, Sybesma W. Probiotics for every body. Trends Biotechnol. 2012;30:613–5. 
10. Douillard FP, Ribbera A, Kant R, Pietila TE, Jarvinen HM, Messing M, Randazzo 

CL, Paulin L, Laine P, Ritari J, et al. Comparative genomic and functional analysis 
of 100 Lactobacillus rhamnosus strains and their comparison with strain GG. PLoS 
Genet. 2013;9:e1003683. 

11. Ardita CS, Mercante JW, Kwon YM, Luo L, Crawford ME, Powell DN, Jones RM, 
Neish AS. Epithelial adhesion mediated by pilin SpaC is required for Lactobacillus 
rhamnosus GG-induced cellular responses. Appl Environ Microbiol. 2014;80:5068–
77. 

12. Kankainen M, Paulin L, Tynkkynen S, von Ossowski I, Reunanen J, Partanen P, 
Satokari R, Vesterlund S, Hendrickx AP, Lebeer S, et al. Comparative genomic 
analysis of Lactobacillus rhamnosus GG reveals pili containing a human-mucus binding 
protein. Proc Natl Acad Sci USA. 2009;106:17193–8. 

13. Reunanen J, von Ossowski I, Hendrickx AP, Palva A, de Vos WM. Characterization 
of the SpaCBA pilus fibers in the probiotic Lactobacillus rhamnosus GG. Appl 
Environ Microbiol. 2012;78:2337–44. 

14. Tatusov RL, Galperin MY, Natale DA, Koonin EV. The COG database: a tool for 
genome-scale analysis of protein functions and evolution. Nucleic Acids Res. 
2000;28:33–6. 



53 
 

15. Delorme C, Bartholini C, Bolotine A, Ehrlich SD, Renault P. Emergence of a cell 
wall protease in the Streptococcus thermophilus population. Appl Environ Microbiol. 
2010;76:451–60. 

16. Letort C, Nardi M, Garault P, Monnet V, Juillard V. Casein utilization by Streptococcus 
thermophilus results in a diauxic growth in milk. Appl Environ Microbiol. 
2002;68:3162–5. 

17. Letort C, Juillard V. Development of a minimal chemically-defined medium for the 
exponential growth of Streptococcus thermophilus. J Appl Microbiol. 2001;91:1023–9. 

18. Pastink MI, Teusink B, Hols P, Visser S, de Vos WM, Hugenholtz J. Genome-scale 
model of Streptococcus thermophilus LMG18311 for metabolic comparison of lactic 
acid bacteria. Appl Environ Microbiol. 2009;75:3627–33. 

19. Morita H, Toh H, Oshima K, Murakami M, Taylor TD, Igimi S, Hattori M. 
Complete genome sequence of the probiotic Lactobacillus rhamnosus ATCC 53103. J 
Bacteriol. 2009;191:7630–1. 

20. Sieuwerts S, de Bok FA, Hugenholtz J. van Hylckama Vlieg JE: Unraveling 
microbial interactions in food fermentations: from classical to genomics 
approaches. Appl Environ Microbiol. 2008;74:4997–5007. 

21. Douillard FP, Ribbera A, Jarvinen HM, Kant R, Pietila TE, Randazzo C, Paulin L, 
Laine PK, Caggia C, von Ossowski I, et al. Comparative genomic and functional 
analysis of Lactobacillus casei and Lactobacillus rhamnosus strains marketed as 
probiotics. Appl Environ Microbiol. 2013;79:1923–33. 

22. Sieuwerts S. Analysis of molecular interactions between yoghurt bacteria by an 
integrated genomics approach. 2009. 

23. Sybesma W, Kort R. Benefits of and access to locally produced functional 
fermented foods in Africa. In: The International Scientific Conference on 
Probiotics and Prebiotics. Budapest; 2015. 

24. Mpofu A, Linnemann AR, Nout MJ, Zwietering MH, Smid EJ, den Besten HM. 
Inactivation of bacterial pathogens in yoba mutandabota, a dairy product fermented 
with the probiotic Lactobacillus rhamnosus yoba. Int J Food Microbiol. 2015;217:42–
8. 

25. Holzapfel WH. Appropriate starter culture technologies for small-scale 
fermentation in developing countries. Int J Food Microbiol. 2002;75:197–212. 

26. Lahtinen SJ, Haskard CA, Ouwehand AC, Salminen SJ, Ahokas JT. Binding of 
aflatoxin B1 to cell wall components of Lactobacillus rhamnosus strain GG. Food 
Addit Contam. 2004;21:158–64. 

27. Zoghi A, Khosravi-Darani K, Sohrabvandi S. Surface binding of toxins and heavy 
metals by probiotics. Mini Rev Med Chem. 2014;14:84–98. 

28. Bisanz JE, Enos MK, Mwanga JR, Changalucha J, Burton JP, Gloor GB, Reid G. 
Randomized open-label pilot study of the influence of probiotics and the gut 
microbiome on toxic metal levels in Tanzanian pregnant women and school 
children. MBio. 2014;5:e01580. 

29. Guarino A, Guandalini S, Lo Vecchio A. Probiotics for Prevention and Treatment 
of Diarrhea. J Clin Gastroenterol. 2015;49(Suppl 1):S37–45. 

30. Allen SJ, Martinez EG, Gregorio GV, Dans LF. Probiotics for treating acute 
infectious diarrhoea. Cochrane Database Syst Rev. 2010:CD003048. 



54 
 

31. de Roos NM, Katan MB. Effects of probiotic bacteria on diarrhea, lipid 
metabolism, and carcinogenesis: a review of papers published between 1988 and 
1998. Am J Clin Nutr. 2000;71:405–11. 

32. Nakawesi JS, Wobudeya E, Ndeezi G, Mworozi EA, Tumwine JK. Prevalence and 
factors associated with rotavirus infection among children admitted with acute 
diarrhea in Uganda. BMC Pediatr. 2010;10:69. 

33. Sybesma W, Kort R, Lee YK. Locally sourced probiotics, the next opportunity for 
developing countries? Trends Biotechnol. 2015;33:197–200. 

34. Notebaart RA, van Enckevort FH, Francke C, Siezen RJ, Teusink B. Accelerating 
the reconstruction of genome-scale metabolic networks. BMC Bioinformatics. 
2006;7:296. 

35. Khandelwal RA, Olivier BG, Roling WF, Teusink B, Bruggeman FJ. Community 
flux balance analysis for microbial consortia at balanced growth. PLoS One. 
2013;8:e64567. 

36. Olivier BG, Rohwer JM, Hofmeyr JH. Modelling cellular systems with PySCeS. 
Bioinformatics. 2005;21:560–1. 

37. Ahlroos T, Tynkkynen S. Quantitative strain-specific detection of Lactobacillus 
rhamnosus GG in human faecal samples by real-time PCR. J Appl Microbiol. 
2009;106:506–14. 

38. Douillard FP, Rasinkangas P, von Ossowski I, Reunanen J, Palva A, de Vos WM. 
Functional identification of conserved residues involved in Lactobacillus rhamnosus 
strain GG sortase specificity and pilus biogenesis. J Biol Chem. 2014;289:15764–
75. 

39. Mukisa IM, Porcellato D, Byaruhanga YB, Muyanja CM, Rudi K, Langsrud T, 
Narvhus JA. The dominant microbial community associated with fermentation of 
Obushera (sorghum and millet beverages) determined by culture-dependent and 
culture-independent methods. Int J Food Microbiol. 2012;160:1–10. 

40. Mpofu A, Linnemann AR, Sybesma W, Kort R, Nout MJ, Smid EJ. Development 
of a locally sustainable functional food based on mutandabota, a traditional food in 
southern Africa. J Dairy Sci. 2014;97:2591–9. 

41. Kort R, Sybesma W. The Yoba for Life foundation. 2015. 
http://www.yoba4life.com. Accessed 25 October 2015. 

  



55 
 

Chapter 2.2 

 
This chapter was previously published as: Westerik N, Wacoo AP, Sybesma W, Kort 
R. Novel production protocol for small-scale manufacture of probiotic fermented foods. 
Journal of Visualized Experiments. 2016;(115):e54365. 
 
This publication includes a movie: https://www.jove.com/video/54365/novel-
production-protocol-for-small-scale-manufacture-probiotic 

 

Novel Production Protocol for Small-scale 
Manufacture of Probiotic Fermented Foods 

Abstract 

A novel dried bacterial consortium of Lactobacillus rhamnosus yoba 2012 and 
Streptococcus thermophilus C106 is cultured in 1 L of milk. This fresh starter can be used for 
the production of fermented milk and other fermented foods either at home or at small-
scale in rural settings. For the fresh starter, 1 L of milk is pasteurized in a pan that fits into 
a larger pan containing water, placed on a source of heat. In this water bath, the milk is 
heated and incubated at 85 °C for 30 min. Thereafter, the milk is cooled down to 45 °C, 
transferred to a vacuum flask, inoculated with the dried bacteria and left for at least 16 hr 
between 30 °C and 45 °C. For the purpose of frequent home production, the fresh starter 
is frozen into ice cubes, which can be used for the production of small volumes of up to 2 
L of fermented milk. For the purpose of small-scale production in resource-poor countries, 
pasteurization of up to 100 L of milk is conducted in milk cans that are placed in a large 
sauce pan filled with water and heated on a fire at 85 °C for 30 min, and subsequently 
cooled to 45 °C. Next, the 100 L batch is inoculated with the 1 L freshly prepared starter 
mentioned before. To assure an effective fermentation at a temperature between 30 and 
45 °C, the milk can is covered with a blanket for 12 hr. For the production of non-dairy 
fermented foods, the fresh starter is left in a cheese cloth for 12 hr, and the drained-off 
whey can be subsequently used for the inoculation of a wide range of food raw materials, 
including vegetables and cereal-based foods. 

Keywords: Microbiology, Issue 115, Fermented milk, pasteurization, incubation, 
fermentation, Lactobacillus rhamnosus yoba 2012, Streptococcus thermophilus C106, probiotic, 
starter culture 

Introduction 

This article describes a production protocol that enables the production of 
nutritious and probiotic fermented milk and other probiotic fermented foods with the help 
of a seed culture that has proven health benefits. The protocol is robust and easy to execute 
by anyone at any place, including resource-poor countries. 
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In Sub-Saharan Africa, 21% of the deaths of children < 5 years is caused by diarrhea 
[1], of which 29% is caused by rotaviral etiology in particular [2]. It has been shown that 
daily consumption of fermented food containing a recommended dose of 1 x 1010 CFU of 
L. rhamnosus GG stimulates gut health and reduces the incidence and severity of rotavirus-
associated diarrhea [3-7]. 

Beneficial bacteria are present in a wide range of traditional fermented foods all 
over sub-Saharan Africa [8-10]. However, these foods are almost exclusively home-
produced, have a relative short shelf life and have increased safety risks due to the 
uncontrolled nature of the fermentation [11]. Furthermore, the consumption of these 
traditional foods declines due to urbanization and a general westernization of diets in Africa 
[10, 12]. 

The generic probiotic bacterium L. rhamnosus yoba 2012 [13], which is identical to 
L. rhamnosus GG, was introduced after the original patent for L. rhamnosus GG had expired 
[14]. The dried seed culture has an Aw of approximately 0.1, which keeps the viability high 
after a storage period of at least one year at room temperature (data not shown). 

The seed culture is packaged in portions of 1 g and can be used for the production 
of a maximum of 100 L fermented milk. When producing one or two batches a day, the 
starter cultures can help to reach a production capacity of up to 1,000 L per week from 
every-day fresh milk. 

The use of L. rhamnosus yoba 2012 with S. thermophilus C106 as an adjuvant culture 
that allows the probiotic Lactobacillus to propagate [Chapter 2.1] is a unique bacterial 
consortium that has not been reported by other authors. The production protocol involves 
resuspension of the content one package (1 g) of freeze dried starter culture (seed culture) 
in 1 L of milk, resulting in a so-called fresh starter after incubation for a period of 16 hr. 
The fresh starter is subsequently used to inoculate a maximum of 100 L of milk. This 
method of pre-incubation reduces the amount of freeze dried bacteria used, thereby 
reducing the costs of production in comparison to direct incubation as for example 
described by Goff [15]. The formulation used for the protocol described in this paper 
maintains the advantages of a freeze dried culture, such as shelf life stability and easy 
storage and handling, resulting in highly reproducible fermentations. 

Furthermore, the production protocol as described in this article does not require 
high-tech equipment as opposed to the standard production methods used in the 
developed world [16]. 

Finally the fresh starter can be used for the inoculation of other (non-dairy) raw 
materials for the production of a wide range of fermented foods as is successfully shown 
for Obushera, Kwete, Uji, and Zomkom, all cereal-based traditionally fermented foods 
from Uganda (the first two), Kenya and Burkina Faso, respectively (Chapter 2.1). This is 
only a minor fraction of the vast amount of fermented foods developed in Africa [17]. 

Fermentation is the anaerobe breakdown of macromolecules such as starch, sugars 
and proteins into products that have an increased digestibility, through the activities of 
enzymes and/or microorganisms. Fermentation is a widely used technique in Sub-Saharan 
Africa. Together with drying and salting it enables food preservation in the absence of 
cooling facilities or industrial techniques such as canning [9, 18]. Traditional fermentation 
often uses back-slopping, in which a small portion from a previous batch is added to a new 
batch to facilitate the fermentation and to reduce the chance of fermentation failure [11]. 
Harrison and Tomkins [19] describe a wide range of traditional African fermented foods 
based on maize, sorghum or millet, and the beneficial role these foods can bring to weaning 
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children, for instance by reducing childhood diarrhea and associated mortality. Nout and 
Sarkar [18] describe the traditional production of a fermented cassava dish that is widely 
consumed in western Africa. Franz et al. [9] provide an extensive description of African 
fermented foods categorized in cereal and vegetable foods, starchy root crop foods and 
animal protein foods. In addition to that, Narvhus and Gadaga [20] specifically describe 
the traditional production of fermented milk in Africa. 

For the production of probiotic fermented milk (or other fermented foods) 
especially in the case of home production, the availability of a freezer is advantageous to 
store the fresh starter in frozen portions. At resource-poor countries, the production of 
fermented milk can be executed well by milk-producing communities. Current experience 
with local communities in Uganda indicates that Dairy Cooperatives are suitable entities to 
take up yoghurt production from their own milk supplies. The availability of a milk can is 
advantageous, although it is also possible, though less preferable, to prepare large batches 
of fermented milk in a larger pan. Furthermore, the availability of electrical power and the 
therewith connected presence of cooling facilities in local shops and kiosks in resource-
poor countries is an advantage in the expansion of the business and the reduction of losses 
due to spoilage. However, as will be discussed in the protocol, through the addition of 
potassium sorbate it is possible to preserve the yoghurt for several days at ambient 
temperature and reduce spoilages in the event of power fluctuations. 

Protocol 

1. Preparation of Fresh Starter 

To prepare the fresh starter, take 1 L of either Ultra-high-temperature (UHT) 
processed milk or fresh cow's milk. If it is UHT milk, proceed to step 1.3. If it is fresh 
cow's milk, proceed with step 1.1. 

1. Milk testing for fresh cow's milk  
1. For the organoleptic test to detect abnormalities or spoilage of the milk, 

check the visual appearance of the milk and check its smell. 
2. For the cloth-on-boiling test, transfer a small sample of the milk to a 

tablespoon. Hold the spoon above a source of heat until the milk starts to 
boil. Remove the spoon from the source of heat and look at the milk to 
detect signs of clotting that indicate bad quality milk. 

3. For the lactometer test, fill a cylinder, beaker glass or any other hollow object 
at least 15 cm high with milk. Place the lactometer in the milk. Lactometer 
readings of 28 or more for milk at 30 °C indicate milk of sufficient density 
without added water. 

4. For the ethanol test, make an 80% ethanol solution in distilled water. Mix an 
equal amount of milk with an equal amount of 80% ethanol, for example by 
mixing a teaspoon of milk with a teaspoon of 80% ethanol in a cup. Look at 
the mixture to detect signs of clotting that indicate bad quality milk. 

2. When fresh milk is being used, filter the milk with a sieve or filter cloth (pore size 
0.1 - 0.5 mm), previously pasteurized in boiling water for 15 min. 

3. Pasteurization  
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1. Transfer the milk into a small pan and close the pan with a lid. Place the pan 
in a slightly larger pan. Fill the larger pan with water, up to 2 cm below the 
rim of the smaller pan. 

2. Heat this set up using an appropriate source of heat (e.g., electrical heating, 
gas burner, charcoal stove, wood fire) until the milk reaches 85 °C, as 
measured with a laboratory thermometer. 

3. Turn the source of heat to low and maintain the temperature of 85 °C for 
30 min. 

4. Remove the pan with the milk from the pan with the water and let it cool. 
Optionally transfer the pan to a pan with cold water to speed up the cooling process. 
Do not remove the lid from the pan, except for taking temperature measurements. 

5. Let the milk cool down to 45 °C, as measured with a laboratory or kitchen 
thermometer. At this point, transfer the milk to a vacuum flask, and inoculate the 
milk by adding the content of a packet of the seed culture (1 g). 

6. Leave the inoculated milk for 16 hr in the vacuum flask to allow fermentation to 
take place. Check the final pH of the fermented milk, which should be 4.4 or less, 
as measured with a pH meter or pH paper. 

7. After fermentation, stir or shake the product for approximately 5 - 10 min to obtain 
a smooth texture. 

8. Store until the next steps.  
1. For home production, pour the fresh starter into an ice cube tray to make 

ice cubes of 10 ml. Place the ice cubes in the deep freezer (-18 °C) and 
proceed with section 2 within 3 months. 

2. For production up to 100 L scale in resource poor settings, proceed with 
section 3, thereby assuring that step 3.5 is started 16 hr after completion of 
step 1.5. Alternatively, place the fresh starter in the fridge (7 °C) after step 
1.6 and proceed with section 3 within 5 days. 

3. For the production of a wide range of non-dairy type of fermented foods, 
proceed with section 4. 

2. Production of Small Batches at Household Level 

1. Use any convenient amount of milk (suggested 1 - 10 L). 
2. Perform step 1.1. 
3. Perform step 1.2. 
4. Pasteurization  

1. Transfer the milk into a small pan and close the pan with a lid. Place the pan 
in a slightly larger pan. Fill the larger pan with water, up to 2 cm below the 
rim of the smaller pan. 

2. Heat this set up using an appropriate source of heat (e.g., electrical heating, 
gas burner, charcoal stove, wood fire) until the milk reaches 60 °C, as 
measured with a laboratory or kitchen thermometer. 

3. Optional: At this point add sugar at a suggested concentration of 5% (w/v), 
as measured with a balance. Stir well with a mixing spoon previously 
pasteurized by submerging in boiling water for 15 min. Continue heating 
until the milk reaches 85 °C, as measured with a laboratory or kitchen 
thermometer. 
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4. Turn the source of heat to low and maintain the temperature of 85 °C for 
30 min. 

5. Perform step 1.4. 
6. Let the milk cool down to 45 °C, as measured with a laboratory or kitchen 

thermometer. At this point, inoculate the milk by adding one ice cube (as was 
prepared under section 1) for each liter of milk and transfer the milk to (a) vacuum 
flask(s). 

7. Leave the inoculated milk in the vacuum flask to allow fermentation to take place 
until a pH of 4.4 is reached as measured with a pH meter or pH paper. This is 
estimated to take 12 hr. 

8. Perform step 1.7. 
9. Transfer the fermented milk to a fridge (7 °C) and let it cool for at least 3 hr before 

consumption. When stored under proper refrigeration, the product is best 
consumed within one month. 

3. Production in Rural Setting in Resource-poor Countries 

Note: Use a maximum of 100 L of milk per 1 L fresh starter. 

1. Perform step 1.1. 
2. Perform step 1.2. 
3. Pasteurization:  

1. Transfer the milk into a milk can of suitable size and close the can with a lid. 
Place the can in a large pan. Fill the pan with water, up to the highest level 
possible. 

2. Heat this set-up using an appropriate source of heat (wood fire is the fastest 
and often the most cost-effective) until the milk reaches 60 °C, as measured 
with a laboratory or kitchen thermometer. 

3. Optional: Depending on taste preference, add sugar in a ratio of 50 g per 
liter. Stir well with a mixing spoon that was previously pasteurized by 
submerging in boiling water for 15 min. Continue heating until the milk 
reaches 85 °C, as measured with a laboratory or kitchen thermometer. 

4. Reduce the heat and maintain the temperature of 85 °C for 30 min. 
4. Remove the can with the milk from the pan with the water and let it cool. To speed 

up the cooling process, transfer the can to a pan with cold water. Do not remove 
the lid from the can, except for measuring the temperature. 

5. Let the milk cool down to 45 °C, as measured with a laboratory or kitchen 
thermometer. Remove the can from the cold water pan. At this point, inoculate the 
milk by adding the complete fresh starter (this can never be overdosed). 

6. Wrap a blanket around the milk can for the purpose of isolation and the prevention 
of a rapid decrease in temperature (ideally, the temperature will remain between 45 
and 35 °C). Leave the inoculated milk in the can to allow fermentation to occur 
until a pH of 4.4 is reached. This process takes approximately 12 hr. 

7. Remove the blanket from the can and open the can.  
1. Optional: Remove the watery top layer of the fermented milk to obtain a 

smoother texture of the probiotic fermented milk (yoghurt). 
2. Optional: Add food-grade artificial flavors (e.g., strawberry or vanilla), for 

instance at a concentration of 0.1% (v/v) dosed by a 10 ml measuring cup 
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or spoon (depending on the concentration of the flavor and the preference 
of the customer). 

3. Optional: Add preservatives. A cost effective and safe choice is the use of 
potassium sorbate at a maximum concentration of 0.12 g/L (source: 
http://www.efsa.europa.eu/en/efsajournal/pub/4144 advises 3 mg/kg 
bw/day). Note: Young children with a weight below 10 kg should take not 
more than a maximum of 30 mg potassium sorbate when taking a dose of 
250 ml fermented milk, which is corresponds to a dosage of approximately 
2 tablespoons per 50 L. 

4. Stir the fermented milk thoroughly with a metal spoon that was previously 
sterilized by submerging in boiling water for 15 min. 

8. Optional: Pack the fermented milk, transfer to a fridge (7 °C) and cool for at least 
3 hr before consumption. Note: When stored under proper refrigeration, below 7 
°C, the product is best consumed within two weeks. When stored under proper 
refrigeration, and preservative is added as described under 3.7.3 the product is best 
consumed within 4 weeks. 

4. Production of Other Fermented Foods 

This section describes the production of fermented foods other than fermented 
milk with a maximum volume of approximately 50 L. 

1. Pasteurize a cheesecloth by submerging in boiling water for at least 15 min. Tie the 
cheese cloth loosely over a bowl or pan that can hold approximately 2 L by using a 
rope or a rubber band. 

2. Pour the fresh starter on the cheese cloth, avoid spilling over, and keep enough 
space between the bottom of the bowl and the cheesecloth. 

3. Place the bowl in a fridge at approximately 7 °C for 8-12 hr until approximately 0.5 
L of whey has drained from the yoghurt into the bowl. 

4. Use the whey to make different types of fermented foods. Examples are given 
below. Note: The obtained fermented foods will contain whey (milk). Milk and its 
derivatives are recognized among the most common ingredients causing food 
allergies and intolerances.  

1. For the production of Obushera, a sorghum or millet based Ugandan 
beverage follow the protocol described by Mukisa et al.[21]. 

2. For the production of Uji, a Kenyan porridge made from maize or sorghum 
or a mixture of both, follow the protocol used by the Jomo Kenyatta 
University of Agriculture and Technology in Kenya and described by Kort 
et al. (Chapter 2.1). 

3. For the production of Zomkom, a sorghum-based beverage from Burkina 
Faso, follow the protocol described by Christèle et al. [22] and Kort et 
al.(Chapter 2.1). 

4. For the production of Mutandabota, a product from the fruits of the baobab 
tree and milk that is widely consumed in southern Africa follow the 
procedure described by Mpofu et al.[23] Note that for this product the fresh 
starter that is obtained in section 1 can be used directly without first 
performing step 4.1 - 4.3. 
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Representative Results 

The left side of Table 1 shows a schematic diagram of section 1 of the protocol. 
This is followed by a generalized combined diagram of sections 2 and 3 on the right side 
of the table. 

Fermentation profiles of milk inoculated with the seed culture using the production 
protocol as described in this article were recorded. Figure 1 shows the fermentation of the 
fresh starter (as described in section 1). Figure 2 shows the fermentation of the fermented 
milk (end product, as described in sections 2 and 3). Since in practice in rural areas strict 
temperature control is difficult, measurements were made at temperature of 37 °C and 45 
°C. 

For fermentation at 37 °C, the acidification profiles of the two sachets tested show 
a slight difference in the onset of the exponential acidification of approximately 30 minutes, 
both in the production of the fresh starter and the end product. The final pH values of 
both cultures are identical after 16 hr. 

Typical pH values and titers for the propagated L. rhamnosus and S. thermophilus 
strains following the described production procedures for different fermented foods can 
be found in Table 2. Cell counts for L. rhamnosus and S. thermophilus were determined on 
MRS agar medium and LM17, respectively, by using commonly applied microbiological 
plating methods. Final cell counts of L. rhamnosus yoba 2012 were 1.7 x 107, 3.7 x 109 and 
3.3 x 109 CFU ml-1 for fermented milk, kwete and uji, respectively. Final pH values were 
4.3 and 4.2 for fermented milk and kwete, respectively. Preliminary results indicated that 
the addition of potassium sorbate prior to fermentation does not negatively influence but 
even increases the number of viable L. rhamnosus yoba 2012 bacteria in yoghurt two weeks 
after production (data not shown). 

Figure 3 shows the results of high-performance liquid chromatography (HPLC) in 
combination with a refractive index (RI) detector of non-fermented milk compared to the 
fermented milk. The results indicate that lactose levels in the milk decrease, while lactic 
acid levels and galactose levels increase, which is a result of the metabolic activity of the 
seed culture. The other two peaks in figure 3 are unidentified.  
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Figure 1. Fermentation profile of the fresh starter made of semi skimmed milk (1.5% fat, 3.5% protein). One liter of milk 

was inoculated with one sachet (1 g) of seed culture and fermented at 37 °C (••••, duplicate) or 45 °C (- - - -, duplicate) for 
16 hr. The straight line (----) at pH 4.4 is inserted as an indication to determine when the fermentation is complete.  

 
Figure 2. Fermentation profile of the fermented milk (end product) made of semi skimmed milk (1.5% fat, 3.5% protein).  

One liter of milk was inoculated with one 20 g of fresh starter culture and fermented at 37 °C (••••, duplicate) as well as 45 

°C (- - - -, duplicate) for 16 hr. The straight line (----) at pH 4.4 is inserted as an indication to determine when the fermentation 
is complete.  
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Figure 3.HPLC-elution patterns of non-fermented milk (black) and milk fermented for 16 hr with the seed culture (blue). 
The elution patterns indicate the consumption of lactose and production of galactose and lactate. Sugars and weak acid were 
identified on the basis of retention time and the peak surface area ratio of UV-absorbance and refractive index.  
 

Discussion 

The simple production protocol using basic equipment and a novel fermented food 
starter culture described in this article facilitates the production of a high quality probiotic 
fermented milk at the household level and in rural settings in resource-poor countries. It is 
critical to pasteurize the milk for a minimum of 30 min in order to obtain sufficient 
reduction or elimination of spoilage organisms and potential pathogenic micro-organisms. 
In addition, adequate heating causes denaturation of whey protein17 that will subsequently 
associate with casein micelles [24] resulting in formation of cross-linkages in the fermented 
milk [25]. Consequently, viscosity of the end product is increased compared to less 
extensively heated milk [26]. It is also critical to avoid inoculation of the milk above 45 °C, 
because at higher temperatures the bacteria will be inactivated. 

Similarly, if available and cost-effective, the use of UHT milk is preferred, especially 
for the production of the fresh starter. Firstly, UHT milk is virtually free from unwanted 
micro-organisms. Secondly, in UHT milk whey proteins have been extensively denatured, 
which makes them more accessible for bacterial proteases, promoting their degradation 
and subsequent growth of the yoghurt bacteria. During the process of cooling down, 
proteins partially refold to their native state, therefore re-heating prior to inoculation is 
beneficial for yoghurt production. Prolonged fermentation results in a fermented milk with 
a pH < 4.4, which is often undesirable. Fermentation can be stopped in a timely manner 
by placing the fermented milk in the fridge. 

Locally produced yoghurts in Africa have been shown to contain significant levels 
of lactococci [27] such as L. lactis, which can cause the production of peptides that have a 
bitter flavor [28-31], which is generally undesirable [30]. Therefore, it is critical that 
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fermentation takes place at an temperature between 45 and 35 °C [27, Chapter 2.1]. Since 
the temperature will slowly decrease during fermentation in a semi-controlled environment, 
inoculation is done at 45 °C, the highest temperature allowed. Sufficient isolation during 
fermentation is essential to avoid decrease of the temperature below 35 °C. 
 
Table 1. Seed culture application protocol. 

Fresh starter   Fermented milk (end product) 

What   How   What   How 
          

Test milk quality 

 

Organoleptic test, 
lactometer test, 
ethanol test, cloth-
on-boiling test 

 Test milk quality  

Organoleptic test, 
lactometer test, 
ethanol test, cloth-
on-boiling test 

   
        

 

Remove physical 
impurities  

Sieve, filter or 
cheesecloth 

 Remove physical 
impurities 

 Sieve, filter or 
cheesecloth 

   
        

 

Pasteurize 30 min at 
85 ˚C  

Water bath  Optional: Heat to 60 
˚C and ad 5% sugar 

 
 

   
        

 

Cool to 45 ˚C 
 

Water bath  Pasteurize 30 min at 
85 ˚C 

 Water bath 

   
        

 

Inoculate with a 
sachet of Yoba starter 

culture (one g)  

   Cool to 45 ˚C  Water bath 

   
        

 

Keep for 16 hrs while 
providing isolation  

Vacuum flask  Inoculate with 1% 
fresh starter 

 Fresh starter either in 
frozen or liquid form 

   
        

 

Store frozen or use for 
preparation of 

fermented food  

   Keep for 16 hrs while 
providing isolation 

 
Vacuum flask or 
isolating material 
such as a blanket 

          
 

      

Stirr an optionally add 
0,1% flavor and 

0,012% preservative 
  

            

      

Package and store at 7 
˚C   

                  

 
Manual production of yoghurt in rural setting has a relatively high risk of microbial 

contamination by spoilage organisms. In particular, yeasts are able to propagate under the 
acidic conditions in yoghurt. Yeast contamination can lead to excessive gas production, 
either in the incubation phase or during storage, thereby spoiling the yoghurt immediately 
or significantly shortening its shelf life [32, 33]. Yeast levels can be minimized by heat 
sterilization and/or cleaning with sodium hypochlorite solution (7 ppm active chlorine) of 
all the utensils and equipment before every contact with the milk or yoghurt. Especially 
after yeast spoilage has occurred, severe and extensive sterilization and cleaning is required 
to eliminate the contamination. 

The above outlined risks clearly show that the success of the application of this 
production protocol in resource poor countries is limited by its manual nature and 
therewith associated increased spoilage rate. The spoilage rate becomes even higher in 
communities that lack cooling facilities or have highly fluctuating availability of electricity. 
Also the lack of access to affordable high-quality packaging material can limit the uptake 
of the described protocol. The required equipment is basic and universal, but a laboratory 
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or kitchen thermometer is essential. Finally, currently only a limited number of countries 
have the facilities to produce the freeze dried starter culture. Most resource-poor countries 
lack those facilities, and therefore depend on import to obtain this product. 

 
Table 2. Propagation of Lactobacillus rhamnosus yoba 2012 in a variety of fermented Foods. Data were obtained from Kort 

et al.[15]. Fermentations were carried out at 37 °C unless stated otherwise. The cell count of L. rhamnosus yoba 2012 and S. 

thermophilus C106 after inoculation both varied between 1 x 106 and 1 x 107 CFU ml-1. The functional mutandabota was 

prepared with a starter containing exclusively L. rhamnosus yoba 2012 as reported by Mpofu et al. [24]; ND, not determined 

Name Raw material L. rhamnosus  S. thermophilus  S. th/L.rha t 
(h)  

T 
(°C) 

pH 

mean 
(x108) 

SD 
(x108) 

mean 
(x108) 

SD 
(x108

) 

Fresh starter milk 0.71 0.12 16 0.71 22 ± 5 16 37 4.4 
Fresh starter milk 0.31 0.064 6.6 2.1 21 ± 2 16 45 4.4 
Fermented milk milk 0.61 0.064 24 0.71 39 ± 3 16 37 4.3 
Fermented milk milk 0.17 0.0071 13 6.4 75 ± 35 16 45 4.3 
Obushera sorghum, water 2.1 1.0 ND - - 24 25 4.1 
Zomkom wheat (9% w/w), 

water (91% w/w) 3.4 - 0.033 - - 15 37 
< 
4,3 

Uji sorghum and 
maize (1:1 ratio), 
water 37 - ND - - 16 45 ND 

Mutandabota pulp of the baobab 
fruit and milk 6.3 - ND - - 24 30 3.5 

 
Among foodstuffs, fermented milk including yoghurt is the most common vehicle 

for probiotic bacteria. The production of fermented milk does not require special 
equipment apart from a thermometer. Thus the combination of the above described first 
generic probiotic starter culture [13] with a simple production protocol allows for the 
reproducible, controlled and safe production of probiotic fermented milk by almost 
anybody at any place, including production at the household and cottage industry levels in 
rural areas in resource-poor countries. In traditionally practiced natural fermentations, 
equal levels of probiotic bacteria cannot be guaranteed [9]. The self-stable starter culture in 
1 g sachets enable small-scale producers to cost-effectively produce fermented foods, 
without the need to buy high amounts of starter cultures that usually lose viability after 
opening the package, especially when kept at room temperature and at a high relative 
humidity, which is to our knowledge the case for all other available yoghurt starter cultures. 
Furthermore, the amount of dried bacteria that is imported remains very low, below 0.1% 
of the probiotic culture concentration in the final product, because almost all of the starter 
culture is produced locally due to the pre-incubation method that is described in this 
protocol. 

The production of fermented milk is described in detail in this article and can be a 
first step to master the art of producing probiotic fermented foods, which subsequently 
can be applied to ferment many types of other foods (as referred to in this article). To 
upgrade basic fermented milk, a possible next step is the production of real-fruit fermented 
milk. This requires the preparation of a sterile fruit preserve (a mixture of fruit, sugar and 
optionally some additives) or the purchase of a ready-made fruit preserve to be mixed with 
the fermented milk after fermentation [34, 35]. 
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Improving Health and Wealth by Introduction of 
an Affordable Bacterial Starter Culture for 
Probiotic Yoghurt Production in Uganda 

Abstract 

In rural Africa, income generating activities of many households heavily depend on 
agricultural activities. In this paper, we present the results of a multi-year intervention 
whereby dairy farmers and small-scale entrepreneurs were taught to convert their milk into 
a probiotic yoghurt using an innovative bacterial starter culture and basic equipment. This 
intervention creates additional sources of income and employment for people involved in 
the delivery of milk as well as production, distribution, and sales of yoghurt. Besides the 
economic benefits, the consumption of the probiotic yoghurt can contribute to reduction 
of the incidence and severity of diarrhea, respiratory tract infections, atopic diseases, 
alleviate the symptoms of stomach ulcers, and decrease the uptake of aflatoxins in the body. 
With minimal external financial support, 116 communities or small entrepreneurs have 
been able to start, expand, and maintain a business by production and sales of probiotic 
yoghurt. Applied business models and success rate in terms of revenues and profitability 
varied per region and depended on location, culture, ownership structure, wealth status, 
and gender. 

 
Keywords: Uganda; Lactobacillus rhamnosus GG; probiotics; Yoghurt; health 

improvement; economic development; women empowerment; Pro Poor business model; 
bottom of pyramid 

Introduction 

In Uganda, the farmland area per capita is decreasing due to population growth 
[1,2]. Therefore, occupational diversification such as non-farm rural incomes are necessary 
for successful income growth, and critical to the achievement of sustainable livelihoods. 
Several studies indicate that additional non-farm income is the best driver for agricultural 
growth, as the monetary income reduces vulnerability and allows households to buy 
material to improve agricultural yields [1,3]. In sub-Saharan Africa, the degree of economy-
wide diversification is the lowest in the world, with women being even less involved in off-
farm activities than men [4]. Today in Uganda only 24% of the household income is 
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obtained from non-agricultural enterprises [5]. Many regions and their populations face 
systemic constraints for steady economic development such as geographical isolation, 
rough climate conditions, low quality of physical infrastructure, including roads and 
electricity, poor human capital development, lack of investment opportunities, low 
population density, underdeveloped markets, irregular seasonal income, and general low 
purchasing power of the population [4,6]. A typical example of an underdeveloped market 
is reflected by the milk market in Uganda where communities either have a lack of market, 
no access to the market for the milk they produce, lack of negotiation skills and power 
(Central, North, and East Uganda), or low profit margins (South-West Uganda) [7,8]. 
Despite all these challenges, Uganda is marked as one of the countries with the highest 
economic growth rates in the world [9]. This translates in a trend of accelerated 
commercialization and urbanization and increased purchasing power over the past years, 
which has improved the market system. At the same time, increased market regulation 
might limit local entrepreneurs with narrow financial means to effectively implement value 
adding activities in agriculture and food production. Overall, with a GDP per capita of 615 
USD (as compared to e.g., 55,972 USD in North-America), Uganda is still a developing 
country by all classification systems [10]. Moreover, the growth is said to be non-inclusive 
and of benefit for a minor part of the population [11]. In spite of the high growth rate of 
the national economy, the growth rate per capita is still relatively low, due to the strong 
population growth [9]. 

Apart from the economical hurdles, many African countries also face challenges in 
public health, food safety, and food security. In Uganda, 12% of the population lacks 
reliable access to healthy food [12]. Malnutrition undermines work productivity, increases 
the risk and severity of disease, and can lead to death. The average life expectancy in 
Uganda is 60 years [13], 29% of children under age of five are stunted [14], 13% of child 
death (1–59 months) is caused by diarrhea, and 23% by respiratory tract infections [15]. In 
addition, approximately 1.5 million Ugandans (7% of the population) suffer from AIDS 
[13]. 

The incidence of bacterial related infections and environmental risk factors such as 
the presence of aflatoxins in food put a burden on the society. Treatment is often not 
available or not accessible due to high costs. Another example is the incidence of diarrhea, 
which is high under Ugandan children and can have fatal consequences. A solution could 
be provided by consumption of probiotic food. Numerous studies have shown the 
inhibitory or scavenging effects of certain probiotic bacteria (for example, Lactobacillus 
rhamnosus GG [16]) on health risk factors and relieve of associated pathogenic symptoms, 
including diarrhea. However, probiotic products are hardly available in Africa, highly 
priced, and the related health effects unknown by the population.  

Many ethnic groups across Uganda have a culture of home-production and 
consumption of fermented milk, which is commonly named ‘bongo’ or ‘makamo’. These 
products are either produced by spontaneous fermentation through environmental yeasts 
and bacteria, or by back-slopping with previously made fermented milk [17]. However, 
products made through these processes usually have a short shelf life, inconsistent quality, 
and even food safety concerns. Hence, commercialization of these traditionally fermented 
foods faces many challenges.  

In this paper, we describe an intervention with an education program and an 
innovative bacterial starter culture with a presumed sustainable and scalable effect on 
improving public health and income generation by (i) stimulation of the local milk-market, 
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(ii) increasing employment and income by value addition, (iii) facilitating access to an 
affordable healthy product, and (iv) reduction of spoilage and spillage of milk. The 
intervention occurred in several regions in Uganda between 2012 and 2018. Over 170 
communities and small entrepreneurs were trained in processing locally produced milk into 
probiotic yoghurt in line with market standards and without high requirements for 
(technical) resources. By the end of the period, 116 of the trained groups were able to start, 
expand and maintain a business in locally made probiotic yoghurts. In order to view the 
intervention in its right context, it is essential to discriminate between the dairy situation in 
South-West Uganda and parts of central Uganda from the rest of the country (Box 1). 

Although mass scale has not yet been reached, the developed concept and way of 
working applied elements of the theory of ‘fortune at the bottom of the pyramid’, as 
developed by Prahalad and Hart [18], and has further potential to reaching scale. Figure 1 
portraits the original four BoP principles, together with a description of the approach to 
stimulate demand and supply as was done in this intervention. 

 

 
Figure 1. Stimulating supply and demand for small scale probiotic yoghurt business development at the bottom of the 
pyramid. Adapted from Pralahad and Hart [18]. Capital letters: original text. Italics: Translation to small scale probiotic 
yoghurt business development.  
 
Box 1. Description of dairy farming in geographical regions of Uganda as context for the intervention. 

South-Western Uganda, as well as areas around the capital Kampala, can be 
considered the milk-shed of the country, where dairy farming is performed at a commercial 
scale and where large dairy processing plants in the country are located. These processing 
plants are responsible for the fact that Uganda is the second-largest, and soon possibly the 
largest, dairy exporter of Africa [19]. The dairy sector in this region is generally well 
organized, with 681 milk cooling centers spread over the region. The milk in these coolers 
is subsequently collected by the milk processors or traders of raw milk. Considering this 
scale of operations, small-scale ‘back yard’ milk processing (cottage industry) does not have 
a significant impact on the dairy sector at large in this area. Developments in the dairy 
sector do however influence the cottage industry. On one hand, the wide availability of 
milk makes it a relatively accessibly business, especially for dairy farmers themselves, but 
also extending to other residents of the region. In addition, the improved wealth status and 
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associated purchasing power in the region, allows the products to be sold above the 
national average selling price. On the other hand, due to the demand and competition in 
the sector, the milk prices have raised in the recent past, and the improved infrastructure 
of coolers has reduced the incentive for farmers to search for alternatives for selling fresh 
milk. 

In the remaining areas of the country, milk is produced as a form of subsistence 
farming, and the dairy sector is dominated by farmers who own 1–4 cows and sell their 
milk to their neighbors or in the nearby trading centers. In these regions, cottage industry 
has a more profound impact on the sector at large. The sudden increase of demand for 
milk as induced by yoghurt business could stimulate the local farmers to produce more 
milk (more cows, better breeds, better feeding) and organize themselves in groups to join 
forces for milk collection and transport to the yoghurt producer. The dairy sector in turn 
also influences the cottage industry, as in the dry season the milk production goes down 
and no longer meets the demand for milk by the small-scale processor. 

Results  

Start-Up and Development 

In 2012 the locally produced probiotic yoghurt project started at a small yoghurt 
production site called Life Dairy, in Kateete, Mukono district, Uganda. The owner of this 
business was an early adopter, willing to take a risk, well informed, and respected in the 
community. In 2013, five more small sized companies joined the probiotic yoghurt 
production project. Initial weekly production volumes varied between 50 and 200 L. The 
developed bacterial starter cultures were stored at and distributed from the Ugandan 
Industrial Research Institute in Kampala. 

After 2014, the project started to grow rapidly when contacts were made with dairy 
cooperatives in rural areas through Heifer International under the East African Dairy 
Development project (EADD). At the same time, the project team changed from working 
with short term volunteers to a small team of two professionals who selected potential 
probiotic yoghurt producers, coordinated trainings and measured progress. In addition, the 
team scouted for more small-scale operating dairy companies, women groups and local 
entrepreneurs motivated to start a probiotic yoghurt production. As a result, the total 
number of probiotic yoghurt producers increased, as well as the weekly production 
volumes per production unit. By mid-2016, 99 processing units were trained across several 
regions in Uganda and 59 of them were well into business. Weekly production volumes 
varied between 20 and 1000 L. Five regional starter culture distribution centers facilitated 
distribution and sales of the starter cultures. 

This successful pilot phase then enabled the Yoba for Life Foundation in 
collaboration with Heifer International and the University of Western Ontario (UWO) to 
acquire funding from the International Development Research Centre (IDRC) to 
implement a two-year project (May 2016–June 2018) entitled the ‘Fermented Food for Life’ 
(FFFL) in Uganda, Kenya and Tanzania. In Uganda, this funding allowed employment for 
four fulltime staff spending most of their time in the field, to implement a wide range of 
activities form increasing awareness on probiotic yoghurt, to building capacity and 
competence of production units by improvement of product quality as well as business 
administration. The trainers’ team organized workshops, provided coaching and 
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empowered production units to participate in 36 shows and exhibitions throughout the 
country. At such events, the new probiotic yoghurt producers could promote and sell their 
products and create awareness on probiotics. By June 2018, 116 production units were in 
business, making cumulative volumes of close to 26,000 L per week (20–2000 L per unit) 
(Figure 2 and Figure 3). Furthermore, the trainers had started a collaboration with the Dairy 
Development Authority (DDA) in Uganda, leading to a joined training program, enabling 
75 production units to acquire a certificate of analysis. This certificate indicated that the 
product complied to Ugandan National Bureau of Standards (UNBS) microbial 
specifications for yoghurt. By the time of writing, several other production units are still in 
the process of acquiring the same certification. Simultaneous to the increase of the number 
of production units all over Uganda, the number of probiotic starter culture distribution 
units, who purchased their stock on wholesale from Kampala, increased to 12, (Figure 3). 

 

 
Figure 2. The number of active probiotic yoghurt production units and accumulated weekly production volumes in liters of 
probiotic yoghurt production over the period 2012–2018. Primary collected data. Solid line: number of production units 
(right vertical axis); Dotted line: accumulated weekly production volumes (left vertical axis).  
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Figure 3. Geographical footprint of the intervention in Uganda. Date: May 2018. Spheres: Probiotic yoghurt production units 
including average weekly production volumes; Triangles: Starter culture distribution units.  
 

In terms of gender, age, and number of people involved, 53% of the production 
units were owned and run by women, and 22% by youth (defined as people below 35 years 
of age). The age of people involved varied from 16 to 60 years old. In terms of employment, 
704 people were involved in milk collection, production, packaging, distribution, and sales, 
of which 57% were women and 43% were youth. The number of people involved per 
production unit ranged from 2 to 22. The production units were spread over 39 out of 
Uganda’s 112 districts, and these districts were located in 11 out of Uganda’s 15 sub-regions 
(as defined by the Uganda Bureau of Statistics [20]). The vast majority of the groups were 
located in Central, South-East (Busoga), East (Teso), and Southwest (Ankole) Uganda 
(Table 1). 

 
Table 1. Probiotic yoghurt business and production data for the six sub-regions in which most of the production takes place.  
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 Kam-
pala 

Central 1a: 
Wakiso, 
Gomba, 
Mpigi, 
Bukoman-
simbi, 
Kalangala, 
Kalungu, 
Masaka, 
Lyantonde, 
Sembabule,  

Central 2a: 
Buikwe, 
Kayunga, 
Kiboga, 
Luwero, 
Mityana, 
Mubende, 
Mukono, 
Nakaseke, 
Nakason-
gola 

Busogaa: 
Buyende, 
Iganga, 
Jinja, 
Kaliro, 
Kamuli, 
Luuka, 
Mayuge,  

Tesoa: 
Amuria, 
Bukedea, 
Ngora, 
Soroti, 
Serere 

Ankolea: 
Bushenyi, 
Ibanda, 
Isingiro, 
Kiruhura, 
Mbarara, 
Ntun-
gamo, 
Sheema 

Number of yoghurt production 
units 

15 23 20 8 8 28 

Average volume per producer 
(L/wk) 

171 233 179 115 275 253 

Average number of people per 
production unit 

3.4 9.8 3.9 2.6 5.9 6.5 

Gender distribution (%Female) 33% 75% 51% 38% 34% 66% 
Age distribution  
(% <35 y) 

53% 38% 62% 57% 68% 31% 

Gender distribution in ownership 
(%Female) 

60% 74% 60% 25% 25% 57% 

Age distribution in ownership (% 
<35 y) 

13% 22% 30% 0% 38% 25% 

Production Volume as Performance Indicator 

Evaluation of the effectiveness of the intervention showed that 68% of all 170 
trained groups turned into effective production units. The average production volume of 
these units is 209 ± 248 L per week. A total of 30 of these production units were in the 
business of regular yoghurt production, before they received additional support from the 
project and started to use the probiotic starter culture. These units produce an average 
volume of 413 L per week, as opposed to an average of 157 L per week among the 86 
production units, which had no previous experience with dairy processing. 

Other factors influencing performance related to gender (female- or male-owned), 
age (youth- or adult-owned), and governance structure (dairy cooperative, group or 
individually owned) of the production units. A dairy cooperative is an organization with 
typically over 100 farmer members, who elect a board that decides on the daily operations 
of the cooperative and employs staff to run the operations. Groups designated to yoghurt 
production are usually much smaller (5–20 members), typically do not employ people, but 
divide the work as well as the profits among themselves. Youth organized in groups 
reached the highest production volumes (Table 2). All these youth-groups were male-
owned. 

 
Table 2. Average production volumes of production units categorized by gender, age, or governance structure.  

 Average production volume Cooperatives Groups Individuals 

 Average production volume 209 158 260 224 
 
Female-owned 193 130 257 183 
Male-owned 256 168 264 285 
Youth (<35 y)-owned 270 - 377 232 
Adult (>35 y)-owned 210 158 131 222 
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Table 3 lists the production units that showed significant growth, i.e., a constantly 
rising production volume curve between 2016 and 2018, and production units that have 
either stable or fluctuating production volumes. Hence, business performance in terms of 
growth potential from 111 of the 116 active production units was analyzed. Growing 
production units were characterized by a steady increase in production volumes, while 
stable production units produced approximately the same volumes every week during the 
period of analysis. Fluctuating units were unstable in weekly production volumes and 
business development. 

 
Table 3. A total of 111 production units categorized by size and performance in terms of production volume development 
between 2016 and 2018. The number of production units in each category is given in absolute numbers as well as a 
percentage of the total number of active production units (five remaining production units had been in production for a 
short time and their performance trends could not be assessed).  

  Growing Stable Fluctuating TOTAL 

Micro 0 – 100 L/week 3 3% 18 16% 15 14% 36 32% 
Small 100 – 200 L/week 13 12% 14 13% 5 5% 32 29% 
Medium 200 – 500 L/week 8 7% 12 11% 9 8% 29 26% 
Medium-Large >500 L/week 3 3% 7 6% 4 4% 14 13% 
TOTAL  27 24% 51 46% 33 30% 111 100% 

 
Production units with growing production volumes were characterized by 

enthusiastic, motivated, ambitious and well-organized owners, who were continuously 
looking for new markets. Also, profits made from the yoghurt sales were reinvested in 
better and bigger equipment and premises with the aim to expand and upgrade the 
production capacity. Lastly, owners of growing production units were open to exploration 
and experimentation (i.e., they tried out probiotic yoghurt with different flavors, different 
packaging material, or ventured into new markets or market segments) and built good 
relationships with their clients as well as other stakeholders and partners. 

Table 4 lists characteristics and reasons of production units that showed static or 
fluctuating production volumes. From all 179 production units trained, 24 production units 
were only in production for a number of months, but were not able to sustain the business. 

Those who never started yoghurt business after receiving the training revealed 
financial constraints to buy packaging material and other start-up equipment, absence of 
electricity, or absence of potential yoghurt selling points equipped with fridges. 

Sales and Income Generation 

Despite a relatively low sales price, making the product affordable for the rural 
(poor) population, attractive profit margins were obtained, since transaction cost related to 
storage, transport, and mid-men were low and the yoghurt could be sold locally [21]. Figure 
4 shows the revenues and profits generated by the production and sales of the probiotic 
Yoba yoghurt in Uganda. Profits could exceed 1600 UGX per liter yoghurt produced. The 
data also show that yoghurt production benefits from the economy of scale, thereby 
favoring those businesses that have more working capital, storage capacity and can afford 
the risk to produce larger batches of yoghurt. A detailed average cost breakdown is shown 
in Table S2. From consumption point of view, we noticed that the probiotic yoghurt could 
be a healthy alternative for soft drinks when the price of a portion remained slightly below 
the price of 1500 UGX that is usually charged for a soft drink. 
 
  



77 
 

Table 4. Reasons for hampering business development at probiotic yoghurt production units.  

 Stable Fluctuating Failed 

Being comfortable with their current volumes and market, not interested in 
looking for additional market 

61% 33%  

Yoghurt production not being the main occupation or focus for the owner(s) 
/ owner choosing to do something different 

24% 45% 13% 

A specific problem, either in business or personal life (e.g. financial distress 
or sickness) negatively affected the business 

20% 21% 13% 

The production unit is a group business and therefore there is little incentive 
for individual group members to progress, as they benefit less at personal 
level 

8% 27%  

Constraints in milk supply 6% 36%  
Operating at very small scale (weekly production volumes below 50 L) for 
several months, before giving up, either due to the lack of motivation or 
effort, or due to an unfavorable business environment 

  33% 

Poor management of the business or governance issues in group or 
cooperative businesses 

  25% 

Business faced financial distress   8% 
Business owner choose to continue with regular non-probiotic yoghurt   4% 

 
 

 
Figure 4. Average cost and profits per liter of probiotic yoghurt in Uganda as function of production volumes. Light grey bars: 
Cost per liter of yoghurt (UGX); Dark grey bars: Profit (UGX); Total bars: Sales price per liter probiotic yoghurt. Note: Cost 
breakdown as shown in Table S2. Sales price is set at 4000 UGX per liter which resembles an average wholesale price when 
the yoghurt is sold through external shops.  

 
A market survey conducted among 634 respondents, showed that there is almost 

complete ignorance among the consumers about the meaning of the word ‘probiotic’. 
However, this same survey showed that Ugandan consumers are (very) health conscious in 
their general purchase behavior, and express interest and appreciation for the concept of 
probiotic yoghurt when it is explained to them. On the downside, consumers are skeptical 
about health claims on packaging material. This is especially true in more rural areas where 
there is little regulation, and anybody can put anything on the market, including labels with 
far-fetched health claims. 
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Reduction of Milk Losses 

Fresh milk in rural Uganda often has a very short shelf life, as a result of high initial 
bacterial load in the fresh milk originating from poor milking and milk handling practices 
in combination with a relatively high ambient temperature. In addition, refrigeration 
facilities are limited due to absence of adequate cooling equipment or power cuts. Prior to 
our intervention, milk collected by the farmers who lack cooling equipment had to be sold 
relatively fast before getting spoiled. Contrarily, when milk is fermented, the resulting 
probiotic yoghurt produced in this study has a shelf life of at least 4 weeks under 
refrigeration and does not spoil when exposed for several hours to ambient temperature. 
The intervention also includes milk quality tests, which was quite unknown in the informal 
milk sector comprising 80% of the total market [8]. Such quality tests stimulated farmers 
to work more hygienically and deliver clean, unadulterated, and antibiotic-free milk. As a 
consequence, milk spoilage could be further reduced. 

Potential Health Benefits 

In addition to the economic advantages, the second final outcome of the 
intervention is expected to be the enhancement of health of consumers by the probiotic 
Lactobacillus rhamnosus yoba 2012 strain present in the locally produced yoghurt [16]. This 
strain is the generic variant of world’s mostly studied probiotic bacterium L. rhamnosus GG. 
Probiotics are generally defined as “live microorganisms that, when administered in 
adequate amounts, confer a health benefit on the host” [22]. Although this intervention 
did not specifically measure generated health benefits, Table 5 provides an overview of the 
outcome of several studies previously conducted with L. rhamnosus GG. Since all produced 
probiotic yoghurts generated during the six years of intervention were sold at prices below 
regular yoghurts, and especially below the widely available and very popular soda drinks, 
we conclude that the study succeeded to provide access to a healthy and affordable 
probiotic yoghurt that has the potential to alleviate commonly faced health challenges in 
sub-Saharan Africa. Based on a survey that counted and classified consumers at a 
representative number of retail outlets of the probiotic yoghurt, we estimate that due to 
this intervention at approximately 111 production units, 215,000 people per month 
(107,000 regular and 108,000 irregular) and 1.4 million people per year (107,000 regular and 
1,302,000 irregular) consume probiotic yoghurt and hence could profit from expected 
health benefits. 

Although the efficacy of L. rhamnosus GG has been tested and confirmed in 
numerous independent studies (Table 5), health effects of the probiotic yoghurt containing 
this strain have not been tested to date on specific populations in Uganda. Therefore, in 
2017 the first pilot study in rural Uganda was conducted on children at Aparisa-Asamuk 
primary school in Uganda. In order to get insight in the health status of the children, 
parents were asked if any of their children were ill or had suffered from any illness in the 
two weeks prior to the start of the study (baseline), during the study (midline) and at the 
end of the study (endline). Evaluation of the responses indicated a decrease in the rate of 
infection/illness as observed with increasing number of children with no illness throughout 
the study period, from 10% to 32% to 43% in the baseline, midline and endline, 
respectively. Most remarkable was the reduction in the occurrence of skin rashes as 
observed during skin inspection by a qualified nurse. Where at the start of the study 101 
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children were diagnosed with skin rashes, 5.5 weeks later this number had rapidly and 
significantly decreased to 15 (Table 6). 

The number of children who missed school during the study period also reduced 
continuously during the study from 40% in the baseline to 36% in the midline and to 23% 
in the endline. 
 
Table 5. A selection of commonly faced public health challenges in sub-Saharan Africa the related health benefits of L. 
rhamnosus GG (generic name: L. rhamnosus yoba 2012).  

Common public health challenges in 
sub-Saharan Africa 

References The effect of L. rhamnosus GG on the 
health challenge 

References 

Numerous types of bacterial 
infections, e.g. Salmonella, E. coli, 
L. monocytogenes, Campylobacter 
jejuni, Shigella sonnei and S. aureus 
have a high prevalence due to poor 
sanitation and challenging living 
environments.  

[23-25] Reduces infections by inhibiting 
adhesion of pathogens in intestine, 
accumulation of lactic acid, secretion 
of antimicrobial substances and 
modulation of the immune system 

[26-33] 

21% of the deaths of children < 5 years 
is caused by diarrhea, of which 29% is 
rotavirus-associated. 

[34, 35] Stimulates gut health and reduces the 
incidence and severity of rotavirus-
associated diarrhea. 

[36-40] 

Increasing (mis)use of antibiotics. 
Diarrhea is a reported side-effect of 
antibiotics use. 

[23, 41, 
42] 

Alleviates the effect on antibiotics-
induced diarrhea. 

[29-43] 

High incidence of ulcers in Uganda, 
which has been attributed to poor diet 
and high incidence of H. pylori 
colonialization of the stomach. 

[44-46, 
chapter 
4.1] 

Arrests the development of ulcers and 
reduces the size and severity of 
existing ulcers via two mechanisms. 
Firstly, through the ability to reduce H 
pylori colonialization. 

[47, 48] 

Secondly, through the ability to 
protect and restore stomach tissue 
(the mucosal layer). 

[49, 51] 

Aflatoxins are found in alarmingly high 
levels in commonly consumed foods in 
Uganda, especially in ground nuts and 
maize. Aflatoxins are carcinogenic 
substances produced by molds in 
poorly stored food. 

[52, 53] Binds Aflatoxin B1, thereby reducing 
its absorption in the intestine, and 
hence reducing aflatoxin associated 
pathogenicity.  

[54, 57] 

Respiratory tract infections have an 
incidence of 18% among Ugandan 
children >5 years. Pneumonia due to S. 
Pneumoniae infection occurs in 3% of 
all children >5 years in Africa. It is 
responsible for 23% of the deaths of 
children between 1-59 months in 
Uganda  

[15, 58-61] Reduces different types of respiratory 
tract infections from different origins. 
Possibly through direct antimicrobial 
effects, improvement in mucosal 
barrier function and immune-
modulating activity. 

[62-67] 

29% of children >5 years in Uganda are 
stunted. 

[14] Improves feeding tolerance and 
nutrient absorption (increased 
proliferation of villus cells).  

[68, 69] 
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Table 6. Interpretation and classification of skin inspections at three different time points among 245 children daily 
consuming probiotic yoghurt for 5.5 weeks.  

 Baseline Midline End line 

Body part    
    Face/head 70 13 10 
    Hand/arm 14 6 2 
    Leg 1 0 0 
    Neck 16 3 3 
Coverage    
    Full 23 13 2 
    Half 78 9 13 
Severity    
    Mild 76 20 12 
    Moderate 20 1 3 
    Severe 5 1 0 
Total number of skin rashes 101 22 15 

Discussion 

Although knowledge intensive technologies have been recognized as important 
drivers for development, they usually do not match the pressing needs of the region, do 
not reach their full potential, and often are not inclusive when generating products for the 
poor without inducing substantial degrees of empowerment [70]. The present intervention 
aimed to take up the challenges of using new technology in development work, ensuring 
full participation of the targeted beneficiaries, making it sustainable and achieving impact 
on scale. The intervention started in 2012 by training the rural population on how to 
diversify their income from farming by processing locally produced milk into probiotic 
yoghurt in agreement with market standards and without high demands for (technical) 
resources. 

Evaluation of Economic and Political Related Factors 

The increasing popularity and attention for probiotics in the western world by both 
consumers and the scientific world, and the associated growth in probiotic products, 
cannot be replicated directly in Africa. Hence, the intervention that enables local 
communities to produce and sell their own probiotic yoghurts was tailored to the local 
circumstances in a continuous process of searching for appropriate solutions [16,70,71,72, 
chapter 2.1, chapter 2.2]. The production of locally produced probiotic yoghurt by means 
of an affordable shelf stable bacterial starter culture can be seen as a bottom-up innovation 
that complies with local needs and capabilities, facilitates employment, increases 
purchasing power and improves access for many people to an affordable, tasty and healthy 
product that can be part of the daily diet. In addition, the described intervention empowers 
local producers and let them adjust product formulation, serving sizes, packaging, and 
distribution channels according to local wishes and practices. 

In Uganda, typical characteristics of businesses with the highest growth rates 
historically relate to young businesses that start small, are male owned (as males are less 
risk-adverse compared to their female counterparts), and are operating in the 
manufacturing sector [73]. Although more than half of our production units were run by 
women, we noticed that the female-owned production units have lower average production 
volumes of 193 L/week, compared to male-owned production units, who reported an 
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average of 257 L/week (see Table 2). This indicates that male owned businesses are larger 
and potentially more successful. 

The activities described in this paper followed a bottom-up approach, without 
active support from authorities. From a more top-down perspective we can say that African 
governments focus on urban, medium-large scale formal industries and pay relatively little 
attention to rural, informal, and usually small-scale industries, as we targeted by the 
probiotic yoghurt concept. For example, stringent regulations and high costs associated 
with certification (from the Uganda National Bureau of Standards) seem to aim to 
discourage small-scale producers from even trying to come up, and thereby favoring the 
bigger, well-established businesses. However, evidence from China indicates that labor-
intensive township and village enterprises (TVE’s) are an engine for growth, and can offer 
distributional benefits through lowering prices for the poor [2]. Rural poverty reduction 
strategy in Africa is more likely to be effective when it harnesses the potential of the 
nonfarm sector, as illustrated by the local production of probiotic yoghurt. Furthermore, 
increased consumption of probiotics among the population might be an efficient strategy 
to cost-effectively improve public health. It could be worth for policy makers to consider 
the economic impact of allocating health care budget to promoting the consumption of 
probiotics for those who might need it most [16,70,74,75,76]. Furthermore, in order to 
increase income and reduce non-income related poverty-including school attendance, 
health, nutrition, safety nets, and household food security-, it remains essential to build 
well-developed public services, especially education and infrastructure that facilitate access 
to markets. 

The lack of effective support from authorities are not the only challenges related to 
the political environment around the intervention. For instance, cronyism and corruption 
favors politicians and the politically connected at the expense of those who are not, most 
especially at district and local level. The privileged can avoid paying taxes and have greater 
access to financial resources and information. One way in which production units can 
harness themselves against such practices is to cooperate in a network and support each 
other by sharing knowledge about best practices, practices to avoid or to be aware of, input 
suppliers and other opportunities. In other words, apart from the technical aspects, also 
socio-economic, political, and cultural factors are essential to successfully implement 
bottom-up innovations as described in this paper. 

Stimulating Demand 

Although from the supply side we do not expect major hurdles for further 
expansion of the locally made probiotic fermented food, stimulating demand in Uganda 
might be more challenging, especially in rural areas where awareness on health benefits of 
probiotic yoghurts is almost non-existent. Frequently used media to raise consumer 
awareness such as radio, local television, and satellite television have limited applicability, 
for instance because location and fees of the avenues as well as the viewing-time and male 
focused content restricts women from benefitting from this development [6]. 

During our intervention, the majority of the demand for the yoghurt produced was 
not driven by its special probiotic attribute, but mainly by the quality, taste and affordability 
of the product. A market survey showed that this was due to ignorance about the product, 
not due to a lack of interest in health promoting products. We therefore aim for the future 
to put more emphasis on trainings and interactions with the producers on business skills 
and product knowledge, as means to further empower local producers to educate 



82 
 

customers on probiotic fermented food and stimulate the demand side [6,77]. Furthermore, 
we envision that active engagement of policy makers can also result in further awareness 
and stimulation of consumption, as can be concluded from a government sponsored 
probiotic yoghurt school feeding project in Argentina [70]. This initiative started gaining 
significant attention of all potential stakeholders involved after a locally conducted double 
blind trial, involving young children consuming probiotic yoghurt, clearly showed 
improvements in a large number of health factors including the reduction of diarrhea. 
Notwithstanding the solid health dossier of the generic probiotic strain used in our 
intervention, we envision that the results of local health impact studies in Africa, as are 
currently running in Uganda with probiotic yoghurt, will help to gain further attention and 
acceptance for probiotic products by the targeted consumers and other stakeholders. 
Another strong element of the Argentinian project is the inclusion of lectures on probiotics 
in the school curriculum in combination with field visits to production units and 
laboratories. This increases awareness among children, and their parents, for a healthy diet 
and nutrition in general and benefits of consumption of probiotic fermented food in 
particular. Hereto NGOs The Dutch Development Organization (SNV) and Yoba for Life 
Foundation recently started the implementation of the pre-primary probiotic program. In 
this program, parents are encouraged to pay approximately 3 USD per school term of 3 
months, for their child to take 125 mL of probiotic yoghurt twice per week, as produced 
by one of the local probiotic yoghurt producers. Preliminary results of this program are 
very promising, as in a period of 6 months already 5,000 children enjoy yoghurt twice per 
week, as paid for by their parents. 

Regional Differences 

In terms of number of production units and cumulative yoghurt production 
volume, the uptake of the intervention is the highest in the South-West, an area covering 
about 7% of Uganda. This region is among the wealthiest parts of Uganda (after Kampala) 
[20], responsible for 34% of the produced milk in the country [7], and contains 67% of the 
milk collection centers [8]. The local milk-culture already includes the consumption of 
naturally fermented milk. Many people have their own relatively large dairy farms with on 
average 25 cows, and are therefore interested in value addition to their produce. In terms 
of gender balance, many yoghurt producing entities in these regions are deployed by 
women groups, which can be seen from the fact that 66%–75% of the people involved are 
women, with an average group size of 6.5–9.8 people (Table 1). These are commonly 
women above a certain age (seen from the low number of youth involved) who are not 
fully occupied with the care for young children anymore and can free up time for other 
activities [78]. Historically, the women in this area are in charge of the production of 
traditionally fermented milk called ‘bongo’ or ‘makamo’. This region also has a strong social 
cohesion and a group-culture, as is reflected by the relatively large average number of 
people actively involved in production units [78]. 

In South-East Uganda, where poverty rates are four times higher compared to 
South-West Uganda [20], preparing yoghurt is not seen as a social activity for groups, rather 
as a livelihood strategy [79]. Businesses are mainly deployed as a form of income 
diversification by older male individuals or male-owned dairy cooperatives (75% male-
owned, but 0% youth-owned) who employ young men to do the work (Table 1). The 
population in this region is less likely to unite in groups compared to the national average 
[78] due to financial constraints related to entrance barriers (subscription fees), low direct 
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returns when initial profits are retained by the groups, and the luxury of ‘leisure’ for 
spending time in groups. With an average of 2.6 people involved per production unit and 
the lowest average weekly volumes of 115 L per week, this region is dominated by scattered 
individual small businesses (Table 1). Because of these lower levels of social capital and 
trust, governance issues of production units that work in collectives or cooperative setting 
have proven to be a challenge in this area. In order to reach a large group of consumers in 
East Uganda where the purchasing power of the population is small, yoghurt selling prices 
are lower compared to other areas. 

The Teso sub-region is a rather remote, rural, and less developed area. Due to the 
large distance from Kampala, which is the economic center of Uganda, and the poor 
infrastructure in large parts of the region, not many industrial yoghurt companies have 
penetrated this area. Yet this region has a culture of consuming locally fermented milk, and 
yoghurt is hence a popular product, as long as it is sold at affordable prices. Local yoghurt 
producers hence find themselves almost a monopoly in a wide area, and venture into 
production of large volumes with low profit margins. This is reflected the highest average 
production volumes compared to other sub-regions. Besides, youth ownership and 
participation are the highest in this region (Table 1). 

Contrary to South-West and East Uganda, where a larger proportion of the 
producers lives in deep rural areas and the probiotic yoghurt is supplied at wholesale price 
to for example shops, restaurants, and/or schools, the yoghurt producers in Central 
Uganda are mostly located in trading centers and urban areas. These regions comprise of a 
mixture of ethnic groups and their sub-cultures, hence no clear trends in production 
characteristics could be derived. 

Health Benefits 

During the 5.5 weeks of daily consumption of probiotic yoghurt with the L. 
rhamnosus yoba 2012 bacterium we observed a decrease in the occurrence of illness and use 
of medication, as indicated by the parents, a reduction of the incidence of skin rashes, as 
indicated by a nurse, and a decrease of absenteeism from school, as indicated by the 
teachers. Similar to what has been reported in an Argentinean intervention study with 
probiotic yoghurt [80], the obtained data are consistent with the possibility that the daily 
provision of 100 mL of probiotic yoghurt could bring health benefits and increase school 
attendance. However, in this school study in Aparisa-Asamuk primary school no placebo 
was used and the occurrence of seasonal influences were not excluded.  Therefore, we 
cannot conclude yet that the probiotics were responsible for the observed improvements 
in health. 

 In order to better investigate the health promoting benefits of probiotic yoghurt, 
we therefore recommend to perform a placebo-controlled study with school children in 
Uganda over a longer time period. Ideally, in such a such a two-arm study, the health status 
of children consuming the probiotic yoghurt containing L. rhamnosus yoba 2012 is 
monitored and compared to a group of children consuming an equal amount of non-
fermented milk. 

Outlook 

At the conducted scale, the concept presented here has shown to function as a rural 
poverty reduction strategy. Since the probiotic starter culture can also be used for the 
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fermentation of cereals such as millet and corn [chapter 2.1, 81], the scope of application 
can further extend. This is particularly relevant for the purpose of detoxification (reduction 
of aflatoxins) [53]. We envision that this concept and the direct way of working together 
with the local communities can also be implemented in other African countries. For future 
expansion, moderate financial and institutional sustainability is required. Ideally, African 
governments should be brought on board as the local production of affordable healthy 
foods directly affects health-economics related parameters and general economic 
development opportunities [70]. Furthermore, a favorable political climate, including 
access to education, infrastructure, and finance, will positively impact business outcomes 
[21]. Table S3 summarizes the mechanisms that are in our view needed to increase the 
number of sustainable yoghurt production units, or related businesses. The greater income 
diversification through non-farm activities is expected to cause more rapid growth in 
earnings and consumption. This will induce a positive feedback loop, wherein those 
participating in the rural non-farm economy will gain faster income growth, which can be 
invested again into expanded farm or nonfarm activities. Subsequently, rural development 
is expected to be improved and poverty to be reduced. 

Conclusions 

We conclude that the combination of a training program and access to an affordable 
and stable probiotic starter culture to increase health and wealth of local communities by 
the use of existing infrastructures and preferences can be taken as a positive reference for 
deployment of self-sustainable activities that contribute to value addition at multiple sites 
along the food chain in sub Saharan Africa. 

Methods 

Intervention Set-Up 

A schematic overview of the intervention set-up is given in Figure 5. One of the 
key components is connecting to already existing dairy communities and/or small-scale 
dairy processors. Next, farmers and dairy processors are taught how to upgrade fresh milk 
production to probiotic yoghurt business. Focus is on hygiene and quality awareness, 
technical capacity building, packaging, as well as marketing, business administration and 
creation of linkages within the value-chain. In order maximize the sustainability of the 
concept, the processing units invest in equipment and raw materials, without any financial 
support, and have full ownership over their yoghurt production and sales. Only the training 
and coaching are provided for free. 
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Figure 5. Systematic outline of the set-up of the intervention of locally produced probiotic yoghurt. The bacterial starter 
culture and the specific production protocol are described in Chapter 2.1 and Chapter 2.2, respectively.  

Production of Probiotic Yoghurt 

The characteristics of the probiotic starter culture and its specific use have been 
described in chapter 2.1 and 2.2. In short, the dried starter culture consists of L. rhamnosus 
yoba 2012 and an adjuvant strain Streptococcus thermophilus C106. Upon rehydration in milk 
and at a temperature of approximately 37 °C, the bacteria revitalize and start growing and 
converting the raw milk into yoghurt. The S. thermophilus strain enables the lactose negative 
L. rhamnosus strain to propagate in milk. The L. rhamnosus yoba 2012 strain is the generic 
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variant of world’s best documented probiotic bacterium L. rhamnosus GG [71]. Sachets 
containing one gram of starter culture were produced by the Yoba for Life Foundation 
(Amsterdam, The Netherlands) in collaboration with CSK Food Ingredients (Leeuwarden, 
The Netherlands), Lactosan (Kapfenberg, Austria). The sachets are sold from regional 
distribution centers to yoghurt producers for a price of 2000 UGX (approx. 0.56 US dollar) 
per sachet. 1500 UGX covers the sachet production and distribution cost, and 500 UGX 
is a compensation for the sachet distribution center. One gram of starter culture allows for 
the production of up to 100 L of probiotic yoghurt. 

Prior to production, the quality of the locally sourced milk is tested by the 
producers. After production, the yoghurt is packed in polythene bags, bottles, or small jerry 
cans, with volumes ranging between 125 mL and 5 L. Producers decide on the addition of 
colorants, sugar, and flavors like strawberry, vanilla, or mango to adjust color and taste 
according to local consumer demands and national food standards. Occasionally, 
producers use potassium sorbate from local suppliers as an accepted food preservative. 
Yoghurt is sold either at the production site, distributed to trading centers or nearby selling 
points like kiosks and supermarkets. 

In order to maximize ownership for the probiotic yoghurt production by each 
production unit, yoghurts are sold under the brand name of the local producer. A brand 
added benefit mark, in form of a “Yoba inside” stamp, is used to differentiate the probiotic 
yoghurt from non-probiotic variants, see examples in Figure S1. Besides the empowerment 
of local communities in setting-up their own business in probiotic yoghurt, a second 
component of the intervention is the contribution to the improvement of health by 
creating access for the (rural) Ugandan population to locally produced yoghurt that is 
naturally enriched with the probiotic strain L. rhamnosus GG. 

Participating Dairy Companies and NGOs 

In the period 2012–2018, 170 dairy companies, including cooperatives, existing 
dairy processing factories, women groups and new starting entrepreneurs received training 
for production of the so-called Yoba probiotic yoghurt. Bacterial starter culture and 
training materials were developed by the Yoba for Life Foundation (Amsterdam, NL). 
Access to the dairy cooperative networks was provided through local branches of Heifer 
International under the East African Dairy Development project and later under the 
Fermented Food for Life project, and Dutch Development Organization SNV under The 
Inclusive Dairy Enterprise project. The main partners collaborating in this intervention and 
their specific roles are listed in Table S1. 

Data Collection and Evaluation 

The intervention was studied by means of a non-experimental longitudinal 
descriptive study. The study represents a first inquiry and assessment of the possible short 
and long-term outcomes of the intervention, over a period of six years. This study therefore 
forms a starting point for further impact evaluation, which may confirm and quantify 
inferences or causal relationships proposed by the current study. A result chain as shown 
in Figure 6 was guiding the investigations in this study [82]. During the present evaluation 
two main hypotheses have been assessed: (1) Upon training and by providing access to 
bacterial starter cultures, local groups and entrepreneurs will be able to set up a successful 
yoghurt business. (2) A probiotic yoghurt production business will lead to additional 
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income under the local circumstances. In addition, based on available data from previously 
conducted studies, we have evaluated the potential health impact on consumers upon 
frequent probiotic yoghurt consumption. 

 

 
Figure 6. Result chain of the intervention. The first three stages (inputs, activities, and outputs) are controlled by the 
intervention. The outcomes are achieved when the beneficiaries choose to use the opportunities created by the intervention. 
The final outcomes represent the goal of the intervention.  
 

Data collection methods included periodic interviews, written inquiries, and focus 
group discussions with the producers and other stakeholders, like NGOs operating in the 
dairy sector, local leaders, and players in the fresh milk sector, as well as the government 
represented by the Dairy Development Authority. Questions related to (i.) production 
volumes, (ii.) number, age, and gender of people involved in yoghurt production and sales, 
and (iii.) type of products produced (size, packaging material, and price). A market survey 
was conducted among 634 respondents in urban, semi-urban and rural areas about their 
perception of the concept of probiotic yoghurt, and their general consumption preferences 
for similar products. In addition, anecdotal data was obtained through continuous face-to-
face interactions with the production units and on-site observations. Probiotic yoghurt 
producers were categorized as dairy cooperatives, collectives, or individual dairy processors 
with or without prior experience in yoghurt production. 

Health benefits were investigated by means of literature review looking at clinical 
trials and health impact assessments of the consumption of Lactobacillus rhamnosus GG. 
Besides, a nutritional trial testing the health impact of consumption of Yoba yoghurt was 
conducted in 2017 at Aparisa-Asamuk primary school in Uganda. A total of 245 pupils 
aged between 3 and 10 received 100 mL of probiotic yoghurt every day from Monday till 
Friday for 5.5 weeks. Yoghurt was consumed in addition to the regular family meals at the 
children’s homes or at school as packed lunch. The Yoba yoghurt had an estimated caloric 
load of 80 kCal and a cell count of approximately 2.5 × 107 CFU/mL, implying that 
portions of 100 mL contain 2.5 × 109 CFU. By means of a questionnaire parents of the 
children were asked about the health status of the children and the use of medication 
before, during, and at the end of the intervention. With the same frequency, a nurse 
checked the condition of the skin and the teachers were asked to monitor the absence level 
of the pupils. 

Probiotic yoghurt containing L. rhamnosus yoba 2012 and S. thermophilus C106 was 
prepared by Amuria Farmers’ Cooperative Society Limited, Amuria town, Amuria, Uganda, 
on a daily basis in agreement with the Yoba for Life production protocols [chapter 2.2]. 
The yoghurt was packed in 100 mL polythene packaging bags as supplied by Heifer 
International. The cooperative was responsible for daily transport of the packed yoghurt 
to the study site. Yoghurt had to be delivered before 12 PM from Monday–Friday. Data 
was analyzed using SPSS software, ENA for Smart and Anthroplus software. 

 



88 
 

Declarations 

Author Contributions 

Conceptualization, N.W, R.K., W.S., W.M. and G.R.; Methodology, N.W., A.P.W., 
W.M. and E.A.; Investigation, E.A., N.W.; Writing—Original Draft Preparation, N.W.; 
Writing—Review & Editing, A.P.W., G.R., R.K. and W.S. 

Funding 

Funding was received from the International Development Research Centre 
(IDRC), Canada (project number 108122) and the Yoba for Life Foundation. 

Acknowledgments 

We thank all partners described in Table S1 for their support. We especially would 
like to acknowledge the Heifer Uganda team, led by Susan Atyang, for the early 
collaboration within the East Africa Dairy Development Project. We thank Robert 
Sebbandeke and Arinda Nelson for their tireless efforts in the Fermented Food for Life 
project, which led to the outcomes as presented in this paper. We gratefully acknowledge 
Rinus van Klinken, project manager of the Inclusive Dairy Enterprise project (SNV) for 
his support, guidance and advise for the yoghurt programs, as well as for his critical reading 
of this article and corresponding suggestions. We acknowledge Amuria Farmers’ 
Cooperative Society Ltd. for the daily preparation of yoghurt and Joseph Okia for the daily 
supply of yoghurt to Aparisa Primary School during the school feeding study. We thank 
Mary Amuge and the Staff of Aparisa primary school for all support during data collection. 

Competing interests 

Remco Kort and Wilbert Sybesma are co-founders of the Yoba for Life foundation 
(2009), a non-profit organization, accredited by the Dutch Tax Authorities as a Public 
Benevolent Institution (PBI), which aims to promote local production and consumption 
of fermented products in Africa. Nieke Westerik is the Country Coordinator of the Yoba 
for Life Foundation in Uganda. Alex Paul Wacoo is a part-time employee and associated 
researcher at the Yoba for Life Foundation in Uganda. African fermented products made 
with the Yoba starter culture, are not marketed by the foundation as such, but the Yoba 
for Life foundation stimulates local production and ownership, allowing income-generating 
activities for African small-scale entrepreneurs in the food sector. The Yoba for Life 
foundation distributes and sells ready-to-use sachets with dried bacterial starter cultures at 
cost price, through a network of partners and volunteers to facilitate the local production 
of dairy and cereal-based products by controlled bacterial fermentation. The other authors 
declare no conflict of interest. 

Supplementary Materials 

The following are available online at https://www.mdpi.com/2078-
1547/10/1/2/s1, Figure S1: Figure S1. Picture of the “Yoba Inside” brand added benefit 
mark and two examples of packaging design used by local producers, Table S1: Improving 
Health and Wealth by an intervention with an affordable starter for locally produced 



89 
 

probiotic yoghurt in Uganda—Main partners, Table S2: Average cost and profits per liter 
of probiotic yoghurt in Uganda as function of production volumes. Note: Sales price is set 
at 4.000 UGX per liter, Table S3: Mechanisms behind the implementation of sustainable 
probiotic yoghurt production units and related effects. Inspired by the McKinsey 
Psychology of Change Management (Lawson E, Price C. The psychology of change 
management. McKinsey Q. 2003;30–41). 

  



90 
 

References 

1. Bahiigwa, G.; Mdoe, N.; Ellis, F. Livelihoods research findings and agriculture-led 
growth. IDS Bull. 2005;36:115–120.   

2. Lanjouw, J.O.; Lanjouw, P. The rural non-farm sector: Issues and evidence from 
developing countries. Agric. Econ. 2001;26:1–23.   

3. Barrett, C.B.; Reardon, T.; Webb, P. Nonfarm income diversification and 
household livelihood strategies in rural Africa: Concepts, dynamics, and policy 
implications. Food Policy 2001;26:315–331.   

4. Ajani, E.N.; Igbowke, E.M. Prospects of occupational diversification among rural 
women in sub-Saharan Africa: A review. J. Agric. Ext. Rural Dev. 2014;6:69–74.  

5. Uganda Bureau of Statistics (UBOS). Uganda National Household Survey 2012/13; 
UBOS: Kampala, Uganda, 2014. 

6. Livingstone, J.; Ruhindi, E. Economic Empowerment for pastoralist Women: A 
Comparative Look at Program Experience in Uganda, Somaliland and Sudan; Land 
Deals Politics Initiative: Sussex, UK, 2011.  

7. Balikowa, D. A Review of Uganda’s Dairy Industry, Dairy Development in Uganda; 
Dairy Development Authority: Kampala, Uganda, 2011. 

8. East Africa Dairy Development Project Uganda Dairy Market Study Report; Tig 
Marketing Consultant: Kampala, Uganda, 2015. 

9. McKenney, C. Growth Projections | The Atlas of Economic Complexity. Available 
online: http://atlas.cid.harvard.edu/rankings/growth-predictions/ (accessed on 2 
September 2017). 

10. World Bank GDP per Capita (Current US$) | Data. Available online: https://data-
worldbank-org.vu-nl.idm.oclc.org/indicator/NY.GDP.PCAP.CD (accessed on 9 
September 2017). 

11. Lagarde, C.; Kampala, I.M.D. Becoming the Champion: Uganda’s Development 
Challenge. Available online: https://www-imf-org.vu-
nl.idm.oclc.org/en/News/Articles/2017/01/27/ sp01272016-Becoming-the-
Champion-Ugandas-Development-Challenge (accessed on 9 September 2017). 

12. UN FAO Uganda at a Glance | FAO in Uganda. Available online: 
http://www.fao.org/uganda/fao-in-uganda/uganda-at-a-glance/en/ (accessed on 
7 August 2018). 

13. World Bank Uganda | Data. Available online: 
https://data.worldbank.org/country/uganda (accessed on 7 August 2018). 

14. Uganda Bureau of Statistics (UBOS); ICF. Key Indicators Report; UBOS; ICF: 
Kampala, Uganda; Rockville, MD, USA, 2017. 

15. World Health Organization GHO | By Category | Rate of Deaths by Country—
Uganda. Available online: http://apps.who.int/gho/data/view.main.ghe2002015-
UGA?lang=en (accessed on 17 April 2018). 

16. Westerik, N.; Kort, R.; Sybesma, W.; Reid, G. Lactobacillus rhamnosus probiotic food 
as a tool for empowerment across the value chain in Africa. Front. Microbiol. 
2018;9:1501.   

17. Franz, C.M.A.P.; Huch, M.; Mathara, J.M.; Abriouel, H.; Benomar, N.; Reid, G.; 
Galvez, A.; Holzapfel, W.H. African fermented foods and probiotics. Int. J. Food 
Microbiol. 2014; 190:84–96.   



91 
 

18. Prahalad, C.K.; Hart, S.L. Strategies for the Bottom of the Pyramid: Creating 
Sustainable Development. Available online: 
http://pdf.wri.org/2001summit_hartarticle.pdf (accessed on 7 December 2018). 

19. Van Klinken, R. Uganda Poised to Become the Largest Dairy Exporter in Africa. 
Available online: http://www.busiweek.com/uganda-largest-dairy-exporter/ 
(accessed on 16 August 2018). 

20. Uganda Bureau of Statistics (UBOS). Uganda National Household Survey 2016/17; 
UBOS: Kampala, Uganda, 2018. 

21. Deininger, K.; Okidi, J. Rural households: Incomes, productivity, and nonfarm 
enterprises. In Uganda’s Recovery: The Role of Farms, Firms, and Government; 
The World Bank: Washington, DC, USA, 2001:123–175.  

22. FAO/WHO Working Group. Guidelines for the Evaluation of Probiotics in Food; 
FAO; WHO: London, UK, 2002.  

23. Okeke, I.N.; Aboderin, O.A.; Byarugaba, D.K.; Ojo, K.K.; Opintan, J.A. Growing 
problem of multidrug-resistant enteric pathogens in Africa. Emerg. Infect. Dis. 
2007;13:1640–1646.   

24. Fujita, K.; Kaku, M.; Yanagase, Y.; Ezaki, T.; Furuse, K.; Ozawa, A.; Saidi, S.M.; 
Sang, W.K.; Waiyaki, P.G. Physicochemical characteristics and flora of diarrhoeal 
and recovery faeces in children with acute gastroenteritis in Kenya. Ann. Trop. 
Paediatr. 1990;10:339–345.   

25. Mshana, S.E.; Joloba, M.; Kakooza, A.; Kaddu-Mulindwa, D. Campylobacter spp 
among Children with acute diarrhea attending Mulago hospital in Kampala—
Uganda. Afr. Health Sci. 2009;9:201–5.  

26. Burkholder, K.M.; Bhunia, A.K. Salmonella enterica serovar Typhimurium 
adhesion and cytotoxicity during epithelial cell stress is reduced by Lactobacillus 
rhamnosus GG. Gut Pathog. 2009;1:14.   

27. Castillo, N.A.; de Moreno de LeBlanc, A.; Galdeano, C.M.; Perdigón, G. Probiotics: 
An alternative strategy for combating salmonellosis: Immune mechanisms involved. 
Food Res. Int. 2012;45:831–41.   

28. Marianelli, C.; Cifani, N.; Pasquali, P. Evaluation of antimicrobial activity of 
probiotic bacteria against Salmonella enterica subsp. enterica serovar typhimurium 
1344 in a common medium under different environmental conditions. Res. 
Microbiol. 2010;161:673–80.   

29. Nomoto, K. Prevention of infections by probiotics. J. Biosci. Bioeng. 
2005;100:583–592.   

30. Xu, H.; Jeong, H.S.; Lee, H.Y.; Ahn, J. Assessment of cell surface properties and 
adhesion potential of selected probiotic strains. Lett. Appl. Microbiol. 2009;49:434–
42.   

31. Keersmaecker, S.C.J.D.; Verhoeven, T.L.A.; Desair, J.; Marchal, K.; Vanderleyden, 
J.; Nagy, I. Strong antimicrobial activity of Lactobacillus rhamnosus GG against 
Salmonella typhimurium is due to accumulation of lactic acid. FEMS Microbiol. 
Lett. 2006;259:89–96.   

32. Hütt, P.; Shchepetova, J.; Lõivukene, K.; Kullisaar, T.; Mikelsaar, M. Antagonistic 
activity of probiotic lactobacilli and bifidobacteria against entero- and 
uropathogens. J. Appl. Microbiol. 2006;100:1324–32.   

33. Rinkinen, M.; Jalava, K.; Westermarck, E.; Salminen, S.; Ouwehand, A.C. 
Interaction between probiotic lactic acid bacteria and canine enteric pathogens: A 



92 
 

risk factor for intestinal Enterococcus faecium colonization? Vet. Microbiol. 
2003;92:111–19.   

34. Kosek, M.; Bern, C.; Guerrant, R.L. The global burden of diarrhoeal disease, as 
estimated from studies published between 1992 and 2000. Bull. World Health 
Organ. 2003;81:197–204.  

35. Parashar, U.D.; Burton, A.; Lanata, C.; Boschi-Pinto, C.; Shibuya, K.; Steele, D.; 
Birmingham, M.; Glass, R.I. Global mortality associated with rotavirus disease 
among children in 2004. J. Infect. Dis. 2009;200:S9–S15.   

36. Szajewska, H.; Skórka, A.; Ruszczyński, M.; Gieruszczak-Białek, D. Meta-analysis: 
Lactobacillus GG for treating acute diarrhoea in children. Aliment. Pharmacol. Ther. 
2007;25:871–81.   

37. Guandalini, S. Probiotics for prevention and treatment of diarrhea. J. Clin. 
Gastroenterol. 2011;45:S149–S153.   

38. Guarino, A.; Guandalini, S.; Vecchio, A.L. Probiotics for prevention and treatment 
of diarrhea. J. Clin. Gastroenterol. 2015;49:S37–S45.   

39. Allen, S.J.; Martinez, E.G.; Gregorio, G.V.; Dans, L.F. Probiotics for treating acute 
infectious diarrhoea. Cochrane Database Syst. Rev. 2010;11:CD003048.   

40. De Roos, N.M.; Katan, M.B. Effects of probiotic bacteria on diarrhea, lipid 
metabolism, and carcinogenesis: A review of papers published between 1988 and 
1998. Am. J. Clin. Nutr. 2000;71:405–11.   

41. Larcombe, S.; Hutton, M.L.; Lyras, D. Involvement of bacteria other than 
Clostridium difficile in antibiotic-associated diarrhoea. Trends Microbiol. 
2016;24:463–76.   

42. Okeke, I.N.; Lamikanra, A.; Edelman, R. Socioeconomic and behavioral factors 
leading to acquired bacterial resistance to antibiotics in developing countries. 
Emerg. Infect. Dis. 1999;5:18–27.   

43. Hawrelak, J.A.; Whitten, D.L.; Myers, S.P. Is Lactobacillus rhamnosus GG effective in 
preventing the onset of antibiotic-associated diarrhoea: A systematic review. 
Digestion 2005;72:51–56.   

44. Kate, V.; Ananthakrishnan, N.; Tovey, F.I. Is Helicobacter pylori infection the primary 
cause of duodenal ulceration or a secondary factor? A Review of the Evidence. 
Gastroenterol. Res. Pract. 2013;2013:e425840.   

45. Tovey, F.I. Staple diets and duodenal ulcer prevalence. Int. Health 2009;1:124–32.   
46. Newton, R.; Ziegler, J.L.; Casabonne, D.; Carpenter, L.; Gold, B.D.; Owens, M.; 

Beral, V.; Mbidde, E.; Parkin, D.M.; Wabinga, H.; et al. Helicobacter pylori and cancer 
among adults in Uganda. Infect. Agents Cancer 2006;1:5.   

47. Myllyluoma, E.; Kajander, K.; Mikkola, H.; Kyrönpalo, S.; Rasmussen, M.; Kankuri, 
E.; Sipponen, P.; Vapaatalo, H.; Korpela, R. Probiotic intervention decreases serum 
gastrin-17 in Helicobacter pylori infection. Dig. Liver Dis. 2007;39:516–23.   

48. Hamilton-Miller, J.M.T. The role of probiotics in the treatment and prevention of 
Helicobacter pylori infection. Int. J. Antimicrob. Agents 2003;22:360–66.   

49. Gotteland, M.; Cruchet, S.; Verbeke, S. Effect of Lactobacillus ingestion on the 
gastrointestinal mucosal barrier alterations induced by indometacin in humans. 
Aliment. Pharmacol. Ther. 2001;15:11–17.   

50. Lam, E.K.Y.; Tai, E.K.K.; Koo, M.W.L.; Wong, H.P.S.; Wu, W.K.K.; Yu, L.; So, 
W.H.L.; Woo, P.C.Y.; Cho, C.H. Enhancement of gastric mucosal integrity by 
Lactobacillus rhamnosus GG. Life Sci. 2007;80:2128–36.   



93 
 

51. Lam, E.K.Y.; Yu, L.; Wong, H.P.S.; Wu, W.K.K.; Shin, V.Y.; Tai, E.K.K.; So, 
W.H.L.; Woo, P.C.Y.; Cho, C.H. Probiotic Lactobacillus rhamnosus GG enhances 
gastric ulcer healing in rats. Eur. J. Pharmacol. 2007;565:171–79.   

52. Kaaya, N.A.; Warren, H.L. A review of past and present research on aflatoxin in 
Uganda. Afr. J. Food Agric. Nutr. Dev. 2005;5:1–18.  

53. Paul Wacoo, A.; Wendiro, D.; Nanyonga, S.; Hawumba, J.; Sybesma, W.; Kort, R. 
Feasibility of a novel on-site detection method for aflatoxin in maize flour from 
markets and selected households in Kampala, Uganda. Toxins 2018;10:327.   

54. Haskard, C.; Binnion, C.; Ahokas, J. Factors affecting the sequestration of aflatoxin 
by Lactobacillus rhamnosus strain GG. Chem. Biol. Interact. 2000;128:39–49.   

55. Gratz, S.W.; Mykkanen, H.; El-Nezami, H.S. Probiotics and gut health: A special 
focus on liver diseases. World J. Gastroenterol. 2010;16:403–10.   

56. Ahlberg, S.H.; Joutsjoki, V.; Korhonen, H.J. Potential of lactic acid bacteria in 
aflatoxin risk mitigation. Int. J. Food Microbiol. 2015;207:87–102.   

57. Hernandez-Mendoza, A.; Guzman-de-Peña, D.; Garcia, H.S. Key role of teichoic 
acids on aflatoxin B1 binding by probiotic bacteria. J. Appl. Microbiol. 
2009;107:395–403.   

58. Mbonye, A.K. Risk factors for diarrhoea and upper respiratory tract infections 
among children in a rural area of Uganda. J. Health Popul. Nutr. 2004;22:52–58.  

59. O’Brien, K.L.; Wolfson, L.J.; Watt, J.P.; Henkle, E.; Deloria-Knoll, M.; McCall, N.; 
Lee, E.; Mulholland, K.; Levine, O.S.; Cherian, T. Burden of disease caused by 
Streptococcus pneumoniae in children younger than 5 years: Global estimates. Lancet 
2009;374:893–902.   

60. Kibuule, D.; Kagoya, H.R. Household management of acute respiratory infections 
in children under five years in Kampala Uganda. Afr. J. Pharm. Pharmacol. 
2015;9:730–37.   

61. Uganda Bureau of Statistics (UBOS). Uganda Demographic and Health Survey 
2011; UBOS and ICF International: Kampala, Uganda, 2012. 

62. Kekkonen, R.A.; Vasankari, T.J.; Vuorimaa, T.; Haahtela, T.; Julkunen, I.; Korpela, 
R. The effect of probiotics on respiratory infections and gastrointestinal symptoms 
during training in marathon runners. Int. J. Sport Nutr. Exerc. Metab. 2007;17:352–
63.   

63. Hojsak, I.; Abdović, S.; Szajewska, H.; Milošević, M.; Krznarić, Ž.; Kolaček, S. 
Lactobacillus GG in the prevention of nosocomial gastrointestinal and respiratory 
tract infections. Pediatrics 2010;125:e1171–e1177.   

64. Hojsak, I.; Snovak, N.; Abdović, S.; Szajewska, H.; Mišak, Z.; Kolaček, S. 
Lactobacillus GG in the prevention of gastrointestinal and respiratory tract infections 
in children who attend day care centers: A randomized, double-blind, placebo-
controlled trial. Clin. Nutr. 2010;29, 312–16.   

65. Kumpu, M.; Kekkonen, R.A.; Kautiainen, H.; Järvenpää, S.; Kristo, A.; Huovinen, 
P.; Pitkäranta, A.; Korpela, R.; Hatakka, K. Milk containing probiotic Lactobacillus 
rhamnosus GG and respiratory illness in children: A randomized, double-blind, 
placebo-controlled trial. Eur. J. Clin. Nutr. 2012;66:1020–23.   

66. Hatakka, K.; Savilahti, E.; Pönkä, A.; Meurman, J.H.; Poussa, T.; Näse, L.; Saxelin, 
M.; Korpela, R. Effect of long term consumption of probiotic milk on infections in 
children attending day care centres: Double blind, randomised trial. BMJ 
2001;322:1327.   



94 
 

67. Popova, M.; Molimard, P.; Courau, S.; Crociani, J.; Dufour, C.; Vacon, F.; Carton, 
T. Beneficial effects of probiotics in upper respiratory tract infections and their 
mechanical actions to antagonize pathogens. J. Appl. Microbiol. 2012;113:1305–18.   

68. Vendt, N.; Grünberg, H.; Tuure, T.; Malminiemi, O.; Wuolijoki, E.; Tillmann, V.; 
Sepp, E.; Korpela, R. Growth during the first 6 months of life in infants using 
formula enriched with Lactobacillus rhamnosus GG: Double-blind, randomized trial. 
J. Hum. Nutr. Diet. 2006;19:51–58.   

69. American Academy of Pediatrics. Probiotics Help Extremely Premature Infants 
Gain Weight. Available online: 
https://www.sciencedaily.com/releases/2010/05/100501013401.htm (accessed 
on 22 January 2017). 

70. Bortz, G.; Thomas, H. Biotechnologies for inclusive development: Scaling up, 
knowledge intensity and empowerment (the case of the probiotic yoghurt ‘Yogurito’ 
in Argentina). Innov. Dev. 2017;7:37–61.   

71. Kort, R.; Sybesma, W. Probiotics for every body. Trends Biotechnol. 2012, 30, 613–
15.   

72. Reid, G.; Kort, R.; Alvarez, S.; Bourdet-Sicard, R.; Benoit, V.; Cunningham, M.; 
Saulnier, D.M.; van Hylckama Vlieg, J.E.T.; Verstraelen, H.; Sybesma, W. 
Expanding the reach of probiotics through social enterprises. Benef. Microbes 
2018;9:707–15.   

73. Liedholm, C.; McPherson, M.; Chuta, E. Small enterprise employment growth in 
rural Africa. Am. J. Agric. Econ. 1994;76:1177–82.   

74. Lenoir-Wijnkoop, I.; Nuijten, M.J.C.; Gutiérrez-Ibarluzea, I.; Hutton, J.; Poley, M.J.; 
Segal, L.; Bresson, J.L.; van Ganse, E.; Jones, P.; Moreno, L.; et al. Workshop 
Report: Concepts and methods in the economics of nutrition—Gateways to better 
economic evaluation of nutrition interventions. Br. J. Nutr. 2012;108:1714–20.   

75. Chilton, S.N.; Burton, J.P.; Reid, G. Inclusion of fermented foods in food guides 
around the world. Nutrients 2015;7:390–404.   

76. Marco, M.L.; Heeney, D.; Binda, S.; Cifelli, C.J.; Cotter, P.D.; Foligne, B.; Gänzle, 
M.; Kort, R.; Pasin, G.; Pihlanto, A.; et al. Health benefits of fermented foods: 
Microbiota and beyond. Curr. Opin. Biotechnol. 2017;44:94–102.   

77. Bandiera, O.; Burgess, R.; Gulesci, S.; Rasul, I.; Sulaiman, M. Can You Successfully 
Teach People How to Run Small Businesses? Available online: 
http://www.iig.ox.ac.uk/output/briefingpapers/pdfs/iig-briefingpaper-14-
teaching-how-to-run-small-businesses.pdf (accessed on 2 January 2019). 

78. Hassan, R.; Birungi, P. Social capital and poverty in Uganda. Dev. S. Afr. 2011, 28, 
19–37.   

79. Butler, L.M.; Mazur, R.E. Principles and processes for enhancing sustainable rural 
livelihoods: Collaborative learning in Uganda. Int. J. Sustain. Dev. World Ecol. 
2007;14:604–17.   

80. Villena, J.; Salva, S.; Núñez, M.; Corzo, J.; Tolaba, R.; Faedda, J.; Font, G.; Alvarez, 
S. Probiotics for everyone! The novel immunobiotic Lactobacillus rhamnosus 
CRL1505 and the beginning of Social Probiotic Programs in Argentina. Int. J. 
Biotechnol. Wellness Ind. 2012;1:189–98.  

81. Di Stefano, E.; White, J.; Seney, S.; Hekmat, S.; McDowell, T.; Sumarah, M.; Reid, 
G. A novel millet-based probiotic fermented food for the developing world. 
Nutrients 2017;9; 529.   



95 
 

82. Premand, P.; Rawlings, L.B.; Vermeersch, C. Impact Evaluation in Practice; The 
World Bank: Washington, DC, USA, 2010; pp. 1–266.  

 
 
  



96 
 

 
  



97 
 

 
Chapter 4 

 
Health outcomes of probiotic yoghurt 
consumption in East Africa 

 
Chapter 4.1 The probiotic Lactobacillus rhamnosus for alleviation of Helicobacter pylori-
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Chapter 4.1 

 
This chapter was previously published as:  Westerik N, Reid G, Sybesma W, Kort R. 
The probiotic Lactobacillus rhamnosus for alleviation of Helicobacter pylori-associated gastric 
pathology in East Africa. Frontiers in Microbiology. 2018;9:1873. 

 
 

The Probiotic Lactobacillus rhamnosus for 
Alleviation of Helicobacter pylori-Associated 
Gastric Pathology in East Africa 

Abstract 

The probiotic Lactobacillus rhamnosus GG (LGG) can play a role in establishing a 
harmless relationship with Helicobacter pylori and reduce gastric pathology in East African 
populations. H. pylori has the ability to inhabit the surface of the mucous layer of the human 
stomach and duodenum. In the developing world, an estimated 51% of the population is 
carrier of H. pylori, while in some Western countries these numbers dropped below 20%, 
which is probably associated with improved sanitation and smaller family sizes. 
Colonization by H. pylori can be followed by inflammation of the gastric mucus layer, and 
is a risk factor in the development of atrophic gastritis, peptic ulcers and gastric cancer. 
Notwithstanding the higher prevalence of H. pylori carriers in developing countries, no 
equal overall increase in gastric pathology is found. This has been attributed to a less pro-
inflammatory immune response to H. pylori in African compared to Caucasian populations. 
In addition, a relatively low exposure to other risk factors in certain African populations 
may play a role, including the use of non-steroidal anti-inflammatory drugs, smoking, and 
diets without certain protective factors. A novel approach to the reduction of H. pylori 
associated gastric pathology is found in the administration of the probiotic bacterium 
Lactobacillus rhamnosus yoba 2012 (LRY), the generic variant of LGG. This gastro-intestinal 
isolate inhibits H. pylori by competition for substrate and binding sites as well as production 
of antimicrobial compounds such as lactic acid. In addition, it attenuates the host’s H. 
pylori-induced apoptosis and inflammation responses and stimulates angiogenesis in the 
gastric and duodenal epithelium. The probiotic LRY is not able to eradicate H. pylori 
completely, but its co-supplementation in antibiotic eradication therapy has been shown to 
relieve side effects of this therapy. In Uganda, unlike other African countries, gastric 
pathology is relatively common, presumably resulting from the lack of dietary protective 
factors in the traditional diet. Supplementation with LRY through local production of 
probiotic yoghurt, could be a solution to establish a harmless relationship with H. pylori and 
reduce gastric pathology and subsequent eradication therapy treatment. 

Keywords: Lactobacillus rhamnosus yoba 2012, Lactobacillus rhamnosus GG, Helicobacter 
pylori, gastric pathology, ulcer, eradication therapy, Uganda, East Africa 
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Introduction 

During the last decade of our probiotic yoghurt programs in the East-African 
countries Uganda, Tanzania, and Kenya, we took note of the high incidence of self-
reported ulcers and accompanying stomach pains, as reported decades ago for in particular 
Northern Tanzania and South-Western Uganda and some regions in Kenya [1,2]. 
Interestingly, during our fieldwork aimed at the stimulation of local production and 
consumption of probiotic yoghurt to improve health and wealth in local communities, we 
observed a decrease of complaints among consumers and realized that there might be an 
effect from the intake of probiotic yoghurt containing Lactobacillus rhamnosus yoba 2012 
(LRY), the generic variant of Lactobacillus rhamnosus GG (LGG) [3,4] on the reduction of 
symptoms associated with ulcers. 

Over the last years a number of reviews have been published on H. pylori ulcers 
[5,6], the prevalence of H. pylori and ulcers in different populations [7,8], the interaction 
between H. pylori and LGG [9,10], and effects of LGG administration on ulcers [11,12]. 
The present paper is, however, the first review that summarizes the incidence of H. pylori 
in East-Africa and its pathology affected by immune responses, genetic factors and 
environmental factors, including specific regional diets, emphasizing the importance of this 
topic for East-Africa. In addition, this article reviews effects of the probiotic bacterium 
LGG on H. pylori colonization as well as on inflammation and associated injury of gastric 
mucosa, in either presence or absence of other treatments. Finally, this review provides 
substantiation for our on-going probiotic yoghurt programs in East-Africa, as reported in 
this Research Topic in Frontiers in Microbiology in another contribution by Westerik et al. 
[13], to likely reduce H. pylori-associated pathology. 

Previous studies also suggested that LGG prevented H. pylori colonization, which 
often occurs in early childhood [14, 15, 16]. It is therefore expected that administration of 
probiotic yoghurt containing LGG to children in resource-poor countries from early 
childhood, can reduce the incidence of H. pylori colonization in the general population. 
Besides prevention of H. pylori, LGG may present an approach to establish and manage a 
harmless relationship between the host and H. pylori when the latter one is already present, 
counteracting the need for H. pylori eradication therapy. Chapter 2.1 and Sybesma et al. [17] 
have shown that yoghurt containing LRY could be made accessible for people in resource-
poor countries in a sustainable way. This is done through providing freeze-dried yoghurt 
starter cultures containing LRY at cost price, in combination with a training program for 
the local population on standardized and safe yoghurt production with locally available 
equipment. 

Prevalence of  H. pylori in East Africa 

Helicobacter pylori is a Gram-negative spiral bacterium that inhabits the surface of the 
mucous layer of the human stomach and duodenum (upper intestine), usually in a chronic 
manner, though H. pylori colonization can also be temporarily [18]. The majority of carriers 
have acquired this bacterium through contact with other human beings before the age of 
10 years old, more so in cramped housing areas with poor sanitation practices. When 
present, H. pylori is the dominant microorganism, as very few other bacteria can survive in 
the stomach. 
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Helicobacter pylori is found in more than 50% of world’s population, spread all around 
the globe [20]. In 10–20% of the carriers, H. pylori is believed to be a factor in the 
development of gastric pathology [10, 20, 21]. Gastric pathology often starts with gastritis 
(inflammation of the stomach lining), which can become atrophic (degenerating cells) and 
via gastric metaplasia (abnormal change in tissue) can lead to peptic ulcers and in rare cases 
to gastric cancer. Duodenal ulcers are much more common than gastric (stomach) ulcers. 
Over the course of the 20th century, H. pylori colonization has become less common in 
Westernized populations, and in some countries the incidence has dropped below 20% [8, 
22]. This is probably associated with improved sanitation, smaller family sizes, and frequent 
use of antibiotics from childhood [6]. In contrast, general estimates on the prevalence of 
H. pylori still indicate that over 51% of people living in developing countries, and even 57% 
of people living on the African continent, are H. pylori positive. When taking into account 
the age of subjects, 52% of African children less than 10 years of age, and over 64% of the 
African adults are H. pylori positive [23]. Hence, the high incidence of H. pylori in East-
Africa might be a risk factor in the development of gastric pathology among the local 
population. A summary of studies on the incidence of H. pylori and gastric pathology in 
East-Africa can be found in Table 1. Table 1 shows great variety in the incidence rate 
between 25 and 87%. This may be due to community-specific differences, but also different 
diagnostic methods used to determine the presence of H. pylori [23, 24]. Notwithstanding, 
we can conclude that H. pylori is a significant risk factor in the development of gastric 
pathology in East-Africa. 

 
Table 1: Summary of studies on the incidence of H. pylori and gastric pathology in East Africa. 

Year Country Study population Stud
y 
size 

H. 
pylo
ri 

Pathogenesis 
and/or 
association with 
H. pylori 

Comment Refe-
rence 

1988 Kenya, 
rural 

Gastritis patients 187 57% 85% of gastritis 
patients is H. 
pylori carrier 

‘Most’ of those who 
suffered from peptic 
ulcers or gastric cancer, 
were H. pylori carrier 

[25] 

1981
–
1986 

Rwanda Endoscopy 
patients, 
male/female: 
79/94, mean age 
35 years 

173 75% 29% ulcers of 
which 100% H. 
pylori carrier 
84% gastritis 

– [26] 

1993
–
1995 

Uganda Gastroscopy 
patients 

56 25% – All H. pylori was found 
in the antrum (lower 
part of the stomach) 
with accompanying 
chronic atrophic 
gastritis 

[27] 

1999 Review 
of seven 
African 
serologic
al studies 

Children aged 0–
10 

635 50% – 
 

[7] 

1999 Review 
of seven 
African 
serologic
al studies 

Population aged 
10–60 

1055 61% Asymptomatic 
 

[7] 
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Year Country Study population Stud
y 
size 

H. 
pylo
ri 

Pathogenesis 
and/or 
association with 
H. pylori 

Comment Refe-
rence 

1999 Review 
of 21 
African 
endosco
pic 
studies 

Dyspepsia 
patients 

3801 72% 92% of gastritis; 
92% of 
duodenal ulcers; 
and 75% in 
gastric ulcers 
patients is H. 
pylori carrier 

Duodenal ulcers were 
four times more 
common than gastric 
ulcers. From the 
dyspeptic subjects 
suffering from atrophy 
intestinal metaplasia, on 
average 77% was found 
to be carrier of H. pylori. 

[7] 

2001 Zambia General 
population, 
male/female: 
79/142, >18 
years 

221 81% 7% gastric 
lesions 2.6% 
duodenal ulcers, 
0.5% gastric 
ulcers, and 4% 
gastritis 

35% of the subjects 
were HIV+, but none of 
the symptomatic 
dyspeptic subjects were 
HIV+, suggesting a 
protective effect of the 
HIV virus against 
pathology of H. pylori. 

[20] 

2006 Uganda Cancer patients, 
male/female: 
284/549, age 
range 

833 87% – 
 

[28] 

2010 Uganda Children in 
Kampala, 
male/female: 
211/216, mean 
age 4.8 ± 3.6 
years, age range 
0-12 

427 44% – No difference in H. 
pylori colonization 
between different levels 
of poverty of the 
children, as defined by 
the wealth index. The 
prevalence rate declined 
in older children, which 
might be explained by 
spontaneous 
eradication, the use of 
antibiotics or an 
increase in antibody 
production 

[18] 

2006 Kenya Children 0–3, 
male/female: 
103/92, mean 
age 17.7 months 

195 46% – 
 

[29] 

2014 Uganda Dyspepsia 
patients, 
male/female: 
71/96, mean age 
48 ± 18 years 

167 33% 56% of gastric 
ulcers and 59% 
of duodenal 
ulcers patients is 
H. pylori carrier 

35 of the 167 subjects 
suffered from either 
gastric or duodenal 
ulcers 

[30] 

2014 Uganda Pregnant 
women, mean 
age 24 years, age 
range 15–42 
years 

447 45% – Women from five 
different centres from 
different regions spread 
over the country were 
enrolled in the study. 
The prevalence in the 
different centres ranged 
from 18% in a centre in 
Northern Uganda to 

[31] 
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Year Country Study population Stud
y 
size 

H. 
pylo
ri 

Pathogenesis 
and/or 
association with 
H. pylori 

Comment Refe-
rence 

61% in a low-income 
densely populated 
division of the capital 
city. 

2015 Uganda, 
rural 

Patients with 
gastrointestinal 
complaints, 
male/female: 
58/116 

174 37% – The low H. pylori carrier 
rate is explained by the 
relatively high average 
age of the subjects, 
whereby the authors 
state that H. pylori 
colonization is expected 
to decrease with age. 
This is supported by 
their finding that the 
highest incidence of H. 
pylori (74%) is in the 
lowest age bracket 
(below 21 years) of their 
study. 

[32] 

2017 Uganda Symptomatic 
peptic ulcer 
patient, 
male/female: 
63/79, mean age 
40 ± 18 years, 
age range 13–85 
years 

142 22% 
 

The study showed that 
29% and 48% of the H. 
pylori samples were 
resistant against the 
antibiotics 
clarithromycin, and 
fluoroquinolones, 
respectively 

[33] 

 

Pathogenesis and Other Consequences of  H. pylori 
Colonization 

The high incidence of H. pylori among East African populations per se does not 
necessarily cause increased levels of gastric pathology, as H. pylori induced gastric pathology 
is influenced by genetic factors of the H. pylori strain as well as by specific immune 
responses of the host. At the same time, it has been reported that H. pylori might exert 
beneficial functions in African populations [5,6]. 

In the context of pathology, Blaser and Atherton [5] distinguish two topographic 
distributions of H. pylori induced gastric inflammation, both having different outcomes. 
Firstly, inflammation could be in the lower part of the stomach only (antral-gastritis), which 
via a cascade of cell signalling leads to increased gastric acid output and subsequently 
increases the risk for duodenal ulcers. Secondly, inflammation of the whole stomach (pan-
gastritis) could induce cascades of signalling that lead to reduced acid output and associated 
increased risk for gastric ulcers. This topographic distribution might be determined by 
genetic factors of H. pylori strains as well as environmental factors. 

Helicobacter pylori strains exhibit a high level of genetic diversity. Certain genetic 
characteristics of this bacterium have been associated with increased interactions with the 
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host cells. One of the best documented characteristics is the presence of the pathogenicity 
island cagA, which expresses the effector protein CagA that can be injected into epithelial 
cells [34, 35]. Connected to the presence of cagA is the presence of an active VacA protein 
[36]. All H. pylori strains contain the vacA gene but with a great variance in nucleotide 
sequence, and not all expressed VacA proteins have the same functional activities. Active 
VacA causes alterations in epithelial cells and immune cells due to massive vacuolation [37]. 
Strains that both express CagA and active VacA are more likely to cause gastric 
inflammations and subsequent pathology including peptic ulcers and gastric cancer [6]. 
Other authors identified the dupA gene as a virulence factor in H. pylori strains that is 
associated with duodenal ulcers [21]. Immune responses against these virulent factors 
involve Th1 cells, which paradoxically play a major role in H. pylori associated pathogenesis 
by enhancing inflammation [5]. 

With regards to the virulence factors, people in developed countries are found to 
be colonized by almost equal proportions of cagA+ and cagA- strains (50% cagA+), whereas 
people in developing countries are predominantly colonized by cagA+ strains (79% cagA+) 
[38]. However, it has been suggested that people in developing countries respond to H. 
pylori in a way that is associated with a relatively low risk for pathogenesis [39, 40]. For 
example, Segal et al. [41] found that among people in several African countries, gastric 
cancer accounts only for 2–3% of all cancers, whereas the international average is 9% [42]. 
This might be due to modulated immune responses to H. pylori as a result of infections 
with a myriad of gastrointestinal pathogens from early life, which primarily occur in 
developing countries. Mitchell et al. [40] quantified the immune response by measuring the 
IgG1/IgG2 ratio (a marker of the T helper cell response) in Sowetan (South-African), 
German and Australian symptomatic H. pylori-positive subjects. A less pro-inflammatory, 
IgG1 predominant response (IgG1/IgG2 ratio > 1) was observed in 81% of Sowetans, but 
only in 4.7% of Australians and 4.4% of Germans. 

The realization that H. pylori has colonized in the gut of mankind for thousands of 
years [43], creating long-standing dynamic equilibriums, led to the assumption that there 
must be a mutual beneficial relationship [5, 6]. Kodaman et al. [20] postulate that H. pylori 
co-evolves with host populations and as a consequence, H. pylori is less virulent upon 
colonization in its ‘natural host’ compared to its colonization in populations from other 
ethnic origins. The authors reported a strong correlation between H. pylori virulence in 
people of Amerindian origin and the presence of H. pylori of African origin and concluded 
that members of multicultural societies were at higher risk of H. pylori associated pathology 
[19]. 

In addition to being harmless in many cases, it has even been proposed that cagA+ 
H. pylori could exert beneficial functions in the body. Over the past decennia, 
gastroesophageal reflux disease [44], Barrett’s oesophagus [45], oesophageal 
adenocarcinoma [46] and dysfunctional responses to common allergens leading to 
subsequent childhood asthma and allergic disorders [6] have become more common in the 
developed world. Recent research has associated the increase of those diseases with the 
decrease of cagA+ H. pylori colonized persons. Mechanisms have been proposed on how 
the absence of cagA+ H. pylori induced pan-gastritis could lead to an increase in acid 
production [5], which in turn could lead to an increased risk of the above-mentioned 
diseases. Indeed, Segal et al. [41] found that incidence of gastro-oesophageal reflux and its 
complications were low in black populations where the incidence of cagA+ H. pylori is high. 
However, there was no uniform agreement on the topic, as for example [47] found that 
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there is an increase in reflux disease among H. pylori positive children in America. However, 
considering the differences in topographic distribution of gastritis and subsequent different 
pathologies [5], the study by Moon et al. [47] did not necessarily contradict those of others. 

Another possible beneficial effect of H. pylori is protection against tuberculosis, as 
a study in West Africa indicated that persons with latent tubercular infections have lower 
chances of re-activating their infections when they are H. pylori positive. This is attributed 

to the fact that H. pylori induces the release of IFN-, an interferon that activates defences 
against different types of infections including tuberculosis [48]. Finally, H. pylori is proposed 
to play a positive role in body weight regulation: H. pylori positive persons produce reduced 
levels of ghrelin, a weight-regulating hormone that is produced for 60–80% in the stomach. 
H. pylori eradication leads to an increased production of ghrelin and a subsequent increase 
in body weight [59]. 

Correlation Between Diet and Lifestyle, and H. 
pylori Associated Pathology 

There is evidence for a connection between H. pylori and dyspeptic symptoms 
(suffering from indigestion), as it has been shown that the odds ratio of a person with 
dyspeptic symptoms being a carrier of H. pylori is higher than the H. pylori incidence in the 
general population [7]. Furthermore, H. pylori eradication leads to long-term cure in the 
majority of peptic ulcer patients, whereas the natural relapse rate is 70% [21]. 

However, this argument is not a definite proof for a causal relationship between H. 
pylori and dyspepsia. It has been suggested that genetic predisposition and environmental 
factors such as diet, smoking, age and the use of non-steroidal anti-inflammatory drugs 
(NSAIDs) can lead to high gastric acid production, which in turn can lead to gastric 
metaplasia and subsequent development of duodenal ulcers [21, 50]. Similarly, the intake 
of iron supplements has been associated with gastric pathology through the induction of 
oxidative stress [51, 52]. The positive correlation between H. pylori and dyspeptic symptoms 
is attributed to the fact that treatment of duodenal ulcer with acid-reducing medicine 
facilitates H. pylori colonization in the stomach. Hence, the self-reported high incidence of 
ulcers in Uganda might be partly a result of lifestyle and dietary habits of the local 
population. 

The hypothesis that H. pylori colonization is a result rather than a cause of ulcers, is 
supported by a retrospective case review of 208 persons, of which 37 were diagnosed with 
duodenal ulcers. A total number of 32 of the ulcer patients had been suffering from the 
ulcer for more than 6 months, and all 32 were found to be H. pylori positive. Only five 
patients suffered from ulcers less than 6 months, but all five were found to be H. pylori 
negative [53]. Upon colonization, H. pylori might produce toxic substances that inhibit the 
natural healing of the ulcers, which explains why H. pylori eradication leads to highly 
increased chances of long-term cure of ulcers [21, 50]. 

Tovey [50] emphasizes the role of dietary protective factors. Dietary fibre intake 
was one of the first factors that was suspected to be negatively associated with the incidence 
of ulcers. In an intervention study among 42 culturally rice-eating subjects with a history 
of duodenal ulcers, 21 were changed to a predominantly unrefined wheat diet, whereas the 
remaining 21 continued the rice diet. Over a period of 5 years, 81% of the subjects in the 
rice-eating group reported ulcers, versus only 14% in the wheat-eating group [54]. In a 
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Norwegian study, 73 subjects who recently healed from an ulcer (but by whom H. pylori 
was not necessarily eradicated) were assigned to either a high-fibre diet or a low-fibre diet. 
After 6 months, ulcers had reoccurred in 80% of the subjects on the low-fibre diet, versus 
only in 45% of the subjects on high-fibre diet [55]. 

A case–control study in the United Kingdom compared 78 subjects with duodenal 
ulcer with 156 matching control subjects (two matches for every ulcer subject). After 
controlling for total calorie intake, it was found that sugar intake correlated positively and 
high vegetable fibre intake negatively with ulcers, whereas cereal fibres did not show a 
specific correlation. After further controlling for smoking, social class and body weight, 
only the intake of refined sugar remained a significant factor that correlated with ulcer 
incidence [56]. 

From an anecdotal study on the incidence of peptic ulcers in sub-Saharan Africa, a 
correlation between areas with a high incidence of ulcers and high intake of starchy foods, 
such as bananas, cassava, sweet potato, white wheat flour, white maize flour, and white rice 
has been suggested. This was opposed to regions with high intake of millet and home-
pounded (unrefined) maize, where the incidence of ulcers was low [50]. However, Tovey 
[50] suggests that it is not the fibre from the unrefined cereal in itself, but rather the 
phospholipids, sterol esters, and sterol fractions of the lipid components from the cereal 
fibre fraction that exercises the protective action. 

Other studies identified the plant-derived polyunsaturated fatty acids lipid fraction, 
such as linoleic and linolenic acid, to have inhibitory effects on H. pylori. In vitro studies with 
these components showed to cause cell death to H. pylori by damaging the bacterial outer 
lipid membrane [57]. Besides, certain fatty acids are precursors for prostaglandins which 
protect the gastric mucosa against injury through increased mucus secretion. Furthermore, 
arachidonic acid has been shown to improve gastric blood vessel synthesis, thereby 
speeding up gastric healing processes [58]. 

Also, in a more dated review study on the relationship between diet and duodenal 
ulcers Misciagna et al. [59] concluded that there were strong indications for a negative 
correlation between duodenal ulcers and the intake of fibre, mainly soluble fibre from fruit 
and vegetables, and perhaps of polyunsaturated fatty-acids, vitamin A, and vitamin C. 
However, the study made note of the overall poor quality of the studies that led to this 
conclusion. 

Other studies suggest a correlation between intake of salt and gastric pathology, 
partly modulated through H. pylori, most commonly in the form of gastric cancer [60]. 
Ulceration has also been mentioned as an outcome of high salt intake [61], although 
another study found no effect of salt intake on gastric inflammation [62]. An in vitro study 
suggested that salt induces expression of virulence factors in H. pylori [63], which provides 
a possible explanation for increased gastric pathology upon high salt intake. 

The Probiotic LGG in H. pylori Eradication Therapy 

One of the few other bacteria that can abide under the same gastric circumstances 
as H. pylori [64], being resistant to acid and bile [65], is LGG and its generic variant LRY. 
The probiotic bacterium LGG is world’s best documented probiotic bacterium, with many 
unique characteristics and reported health benefits [66]. Especially to provide access to this 
bacterium for people in developing countries, the LRY has been incorporated in an 
affordable probiotic starter culture that enables local communities to make their own 
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probiotic fermented food [chapter 2.1 and 2.2]. H. pylori can be inhibited in a dose 
dependent manner by LRY through several pathways, as discussed below, and hence may 
play a role in the reduction of H. pylori related gastric pathology in East Africa [33]. 

Currently, the standard method to eradicate H. pylori is a three-component therapy 
treatment that combines acid suppression with two antibiotics for 1 week. This method is 
also used in East Africa for those who can afford it [33]. However, H. pylori becomes 
increasingly resistant against this therapy, and the success rates are dropping below 70%. 
Furthermore, the therapy typically has low patient compliance due to many side effects 
such as diarrhoea, nausea, vomiting, bloating, and abdominal pain [67]. The European 
Helicobacter Study Group recently acknowledged that certain probiotics show promising 
results as an adjuvant treatment in reducing side effects of the antibiotic therapy [68]. 

A summary of studies on the role of LGG in H. pylori eradication therapy can be 
found in Table 2. All studies confirmed a beneficial effect of LGG in reducing side effects 
of eradication therapy. Five studies with an average sample size of 70, showed no 
significant effect on the H. pylori eradication rate. However, the sixth study with a sample 
size of 650 showed H. pylori eradication rates of 87% and 73% in the LGG-supplemented 
group and the control group, respectively. 

 
Table 2 Summary of studies on the role of LGG in H. pylori eradication therapy. 

Sam
ple 
size 

Populat
ion 

LGG 
treat
ment 

Mode of 
administr
ation 

Symptoms that 
have reduced 
incidence during 
the treatment 
week (week 1) 

Effect 
on 
eradi
catio
n rate 

Study 
type 

Comment Refer
ence 

120 Italian, 
male/ 
female: 
54/66, 
mean 
age 37 
± 11 
years 

6 × 
109 
cfu 
twice 
daily 
for 14 
days 

Freeze-
dried 
powder, 
mixed 
with 
water 

Taste disturbance 
7% vs. 27%, 
bloating 17% vs. 
40%, diarrhoea 
7% vs. 23% for 
the treatment 
group and the 
control group, 
respectively 

No 
effect 

Non-
placebo 
controlle
d 

In the week after 
the treatment, the 
differences 
remained 
significant. In the 
second and the 
third week after the 
therapy most side 
effects faded out in 
both groups, only 
bloating remained 
to have a high 
incidence, with 7% 
vs. 17% in the third 
week. 

[69] 

60 Italian, 
male/ 
female: 
25/35, 
mean 
age 40 
± 12 
years 

6 × 
109 
cfu 
twice 
daily 
for 14 
days 

Freeze-
dried 
powder, 
mixed 
with 
water 

Taste disturbance 
23% vs. 50%, 
diarrhoea 3% vs. 
27%, nausea 10% 
vs. 37% for the 
treatment and 
the placebo 
group, 
respectively 

No 
effect 

Double-
blind 
placebo 
controlle
d 

Differences slowly 
faded out after 2 
weeks. Bloating 
showed confusing 
results. In the first 
week the incidence 
was 37% vs. 57%, 
but in subsequent 
weeks no 
significant 
differences were 
observed. 

[67] 
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Sam
ple 
size 

Populat
ion 

LGG 
treat
ment 

Mode of 
administr
ation 

Symptoms that 
have reduced 
incidence during 
the treatment 
week (week 1) 

Effect 
on 
eradi
catio
n rate 

Study 
type 

Comment Refer
ence 

42 Italian, 
male/ 
female: 
19/23, 
age 
range 
18–61 
years 

6 × 
109 
cfu 
LGG 
twice 
daily 
for 14 
days 

Freeze-
dried 
powder 

Taste disturbance 
10% vs. 40%, 
diarrhoea 5% vs. 
30% for the 
treatment and 
the placebo 
group, 
respectively 

No 
effect 

Triple-
blind 
placebo 
controlle
d 

– [70] 

47 Finnish, 
male/ 
female: 
18/29, 
mean 
age 56 
years, 
age 
range 
24–96 
years 

6 × 
108 
cfu 
twice 
daily 
for 7 
days, 
once 
daily 
for 
anoth
er 3 
week
s 

Milk-
based 
fruit 
drink 
also 
containin
g L. 
rhamnos
us LC; P. 
freudenr
eichii 
ssp. 
shermani
i JS; and 
B. breve 
Bb99 

Incidence of side 
effects is the 
same, severity of 
side effects 
decreases 

No 
effect 

Placebo-
controlle
d, 
double-
blind 
randomiz
ed pilot 
study 

The study included 
analyses of faecal 
samples, from 
which was 
concluded that 
despite the severe 
antibiotic 
treatment, LRY 
concentrations 
increased in the 
probiotic groups, 
though the levels 
came back to 
baseline 6 weeks 
after the 
intervention. 

[71] 

83 Polish 
childre
n 5–17 
years 

109 
cfu 
LGG 
twice 
daily 
for 7 
days 

Freeze-
dried 
powder 

Decrease in 
diarrhoea from 
6% vs. 20% 
between in the 
treatment and 
control group, 
respectively 

No 
effect 

Double-
blind 
placebo-
controlle
d 

Outcomes on 
diarrhoea reduction 
not statistically 
significant. 

[72] 

650 Croatia
n, 
male/ 
female: 
283/36
7, 
mean 
age 52 
± 11 
years 

108–
1010 
LGG 
twice 
daily 
for 14 
days 

Capsule 
also 
containin
g 
Bifidobac
terium 

Epigastric pain, 
bloating, 
flatulence, taste 
disturbance, 
nausea, 
heartburn and a 
strong reduction 
of diarrhoea from 
18% in the 
placebo group to 
4% in the 
treatment group 

Incre
ased 
to 
87% 
vs. 
73% 
in the 
place
bo 

Prospecti
ve, 
randomiz
ed, 
placebo-
controlle
d, 
double-
blind, 
multicen
tre trial 

 

[73] 

Ulcer Prevention and Suppression by LGG 

Apart from its role as co-supplement during H. pylori eradication therapy, LGG has 
a direct inhibitory effect on H. pylori and has the potential to directly prevent and reverse 
gastric pathology in East African populations. Accordingly, in a review of 13 clinical trials 
reporting on the activity of probiotics on H. pylori, Hamilton-Miller [9] concludes that 
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probiotics can reduce the severity of H. pylori induced pathology, but are not able to 
eradicate H. pylori completely. Three distinct pathways in which LGG counteracts H. pylori-
induced gastric pathology in the stomach and duodenum can be discriminated: (i) 
competition for binding sites between LGG and H. pylori, (ii) attenuation of the host’s H. 
pylori-induced apoptosis, inflammation responses and stimulation of angiogenesis, and (iii) 
production of anti-microbial substances such as lactic acid. 

Competition for Binding Sites 

In vitro pre-treatment of epithelial glandular cells (coca-2 cell culture) with 107 
cfu/ml LGG was found to inhibit subsequent adhesion by H. pylori with 53%, and at 109 
cfu/ml LGG inhibited H. pylori with 66%. Competition for binding sites on the epithelial 
cells was cited as a probable cause [16] (Figure 1), which appeared to be unrelated to 
adhesion capacity or organic acid production. Note that binding alone is not a marker for 
anti-H. pylori activity [15, 16]. 

Secondly, a study on mice found that during a pre-treatment with a combination of 
the probiotic bacteria L. acidophilus R0052 and L. rhamnosus R0011 and subsequent 
administration of H. pylori, colonization was reduced from 100% in the control group to 
50% in the probiotic pre-treated group [89]. This effect has however not been proven for 
LGG specifically. 

In a third study, a decrease in H. pylori of 27% was measured in a probiotic 
intervention among 13 Finnish H. pylori-positive subjects, based on the well accepted 13C-
Urea Breath Test, the values of which served as an indirect indicator of H. pylori density in 
gastric mucosa. The subjects daily consumed a drink with four probiotic strains, including 
LGG, with each of the strains in a concentration of 2.5 × 109 cfu, for the duration of 56 
days, for the duration of 56 days [75]. 

Upon the formation of an ulcer, probably regardless of the causative factor of the 
ulceration, a spectrum of bacteria other than H. pylori has been found to colonize the ulcer 
surface and to subsequently impair ulcer healing [90]. This has been attributed to a local 
increase of the pH around the ulcer surface, allowing for strongly increased bacterial 
growth as compared to normal stomach tissue. The same study found that antibiotic 
treatment, preferably with a mixture of different antibiotics, increased ulcer healing. 
Secondly, promotion of lactic acid bacteria (non-specified) in the stomach competed with 
outgrowth of other possibly harmful bacteria, and increased the rate of ulcer healing. Other 
studies have indicated specifically the suppressing effect of LGG on several pathogens [83, 
91] and its site-specific binding to damaged tissue [92]. 
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Fig. 1 Interactions of Lactobacillus rhamnosus GG or LRY (green) with Helicobacter pylori (red) and damaged epithelial cells 
at the gastric mucosal surface. (A) H. pylori upregulates TNF-α [15] and IL-8 [16; 76] secretion from epithelial cells which in 
turn upregulate the production gastrin-17 by G cells present in the antrum of the stomach [75]. H. pylori produces urease to 
reduce the pH in its immediate environment as means of survival [76]. (B) Interactions under A are causing inflammation and 
apoptosis of epithelial cells. (C) Gastric inflammation and apoptosis lead to ulceration. (D) LRY binds specifically at affected 
(mucosal) tissue due to change in microbiota and inflammatory markers (immunoglobulins and cytokines) and qualitative 
and quantitative changes in the mucus [12]. LRY upregulates COX-2 protein expression in damaged (ulcerated) stomachs 
[77], which induces PGE2 modulated vascular endothelial growth factor (VEGF) expression, causing angiogenesis [12, 78, 79]. 
LRY inhibits H pylori induced IL-8 (interleukin-8) release [16, 74] and TNF-α release [15, 80] by epithelial cells. Through 
suppression of TNF-α and IL-8, H. pylori induced elevated gastrin-17 levels are attenuated [75]. (E) LRY inhibits H pylori 
adhesion [16], which appears to be related to competition for binding sites [15, 16]. LRY activates Akt/protein kinase B, which 
is an anti-apoptotic signalling pathway [81]. LRY blocks p38 MAP, which is a pro-apoptosis (cell death) signalling pathway 
[81]. LRY induces upregulation of both ornithine decarboxylase (ODC) (enzyme essential in DNA stabilization and thus cell 
growth) and the protein B-cell lymphoma 2 (Bcl-2) causing attenuation of apoptosis [12]. LRY shows antagonistic activity 
against H. pylori in vitro, possibly associated with lactic acid production [82, 83]. Lactic acid increases the cell wall 
permeability of H. pylori. Besides, exopolysaccharide [84], lectin [85], and/or peptides with antimicrobial activity [86] 
produced by LRY have been shown to inhibit other pathogenic bacteria.  However, this effect has not been shown for H. 
pylori specifically. LRY, possibly through excretion of lactic acid, inhibits urease production by H. pylori [76]. (F) LRY 
upregulates COX-1 (cyclooxygenase-1) protein expression [11, 77] in normal stomach epithelia, which increases PGE2 levels 
which in turn protects mucus cells and increases trans mucosal resistance, thereby protecting mucosal cells from apoptosis 
[11, 77]. LRY upregulates the expression of MUC3 and MUC6 mucin gen by intestinal epithelial cells and stomach neck and 
gland cells respectively, e, causing significant increase in thickness of the basal mucus layer [11, 87]. (G) LRY causes 
upregulation of phosphorylation level of epidermal growth factor receptor (EGF receptor), leading to cell proliferation and 
angiogenesis and suppresses cell apoptosis [12]. LRY initially improves epithelial (mucosal) barrier function [16, 88] but 
increases H. pylori induced barrier deterioration after incubation for 24–42 h, hence causes delayed cell membrane damage 
and leakage [16]. 
 

Modulation of Immune Responses 

LGG has shown to modulate local immune responses upon colonization with H. 
pylori or ulceration through the pathways as summarized in Figure 1. 

In vitro pre-treatment of epithelial glandular cells (coca-2 cell culture) with 107 
cfu/ml LGG was shown to counteract acute H. pylori cell membrane leakage by initially 
tightening the barrier function [16, 88]. However, over time H. pylori induced barrier 
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deterioration after incubation for 24–42 h, causing delayed cell membrane damage and 
leakage [16]. 

H. pylori upregulates TNF-α [15] and IL-8 [16, 74], which in turn upregulate gastrin-

17. IL-8 is a chemokine which induces inflammation [74] and TNF-α is a cytokine which 
induces apoptosis [15]. Gastric inflammation and apoptosis lead to ulceration. Gastrin-17 
has been associated with gastric cancer [75]. LGG inhibits H pylori induced IL-8 

(interleukin-8) release [16, 74] and TNF-α release [15, 80], although it must be noted that 
another in vitro study [93] showed that high doses of LGG (1010 cfu) can increase IL-8 

production in the absence of H. pylori. Through suppression of TNF-α and IL-8, H pylori 
induced elevated gastrin-17 levels were attenuated [75]. A decrease in the hormone gastrin-
17 levels was measured in subjects who daily consumed a drink with four probiotic strains 
including LGG. This study concluded that gastrin-17 could be seen as a maker for non-
atrophic gastritis, that probiotics can have a moderate positive influence on non-atrophic 
gastritis [75]. 

Apart from H. pylori, alcohol has been associated with gastric mucosal damage, and 
alcoholism can be another cause of peptic ulcers. Rats pre-treated with LGG for 3 days 
responded to the administration of ethanol in a dose-dependent manner: 1 h after 
administering 10 ml/kg bodyweight of 60% v/v ethanol, the 2 × 108 cfu/day pre-treated 
group did not show any difference, while in the 2 × 109 cfu/day group showed 45% smaller 
gastric lesions as compared to the control group [11]. The study concluded that LGG 
significantly increases the mucosal layer and mucosal integrity (trans mucosal resistance) 
through upregulated expression of MUC3 [87] and MUC6 mucin genes, thereby 
counteracting the effects that ethanol normally has on the mucus layer [11]. Nevertheless, 
LGG regulates COX-1 (cyclooxygenase-1) protein expression [11, 77] in normal stomachs, 
which increases PGE2, which protects mucus cells and increases trans mucosal resistance, 
thereby protecting mucosal cells from apoptosis [11, 77] and reducing chances of 
ulceration. 

In a subsequent study of Lam et al. [12], ulcers were induced by luminal application 
of acetic acid solution, and LGG was administered in the same manner as described for 
the previous study, but this time after the ulcer-induction. LGG supplementation had no 
obvious effects in the control group, but for the ulcer-induced group the larger dose at 109 
cfu/day induced enhanced cell proliferation of 54%, increased blood vessels generation 
(angiogenesis) by 41% at the ulcer margins and reduced cell death (apoptosis) by 33%, 
thereby obtaining significantly reduction of gastric ulcer area by 32% after 3 days of LGG 
administration. These effects were found to be modulated firstly by the upregulation of 
phosphorylation level of epidermal growth factor receptor (EGF receptor) causing 
angiogenesis, cell proliferation and attenuation of apoptosis. Secondly, COX-2 protein 
expression was upregulated, which induces PGE2 modulated vascular endothelial growth 
factor (VEGF) expression, causing angiogenesis [12, 78, 79]. Thirdly, LGG upregulates 
ornithine decarboxylase (ODC) (enzyme essential in DNA stabilization and thus cell 
growth) and B-cell lymphoma 2 (Bcl-2), thereby causing attenuation of apoptosis [12]. The 
healing continued upon administration of LRY for more days. The study concludes that 
LGG does not affect the normal gastric mucosa, but normalizes gastric mucosa that is 
altered by events such as ulcers. LGG has shown to bind specifically at affected (mucosal) 
tissue due to a change in microbiota and inflammatory markers (immunoglobulins and 
cytokines) and qualitative and quantitative changes in the mucus. The study has not shown 
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whether it is the live LGG, its metabolites, its cell wall components or other results of gene 
expression that exert the healing properties of the organism [12]. 

Similarly, in an intervention among 16 human subjects, a 5-day pre-treatment with 
a probiotic dairy product containing among others 2.4 × 109 cfu LGG per day, has been 
proven to stabilize the intestinal barrier function against increased permeability normally 
induced by NSAIDs by 77%, thereby preventing the alterations from future pathology 
such as ulcers [88]. Heat-killed LGG did not show protective effects. Interestingly, a study 
by Kamil et al. [94] on ulceration in the small intestine of rats as induced by NSAIDs, 
found that although LGG increased cell proliferation and reduced cell apoptosis, it still 
aggravated the NSAID induced ulcer size, possibly through increased inflammation. 

Other pathways include the activation of Akt/protein kinase B by LGG, which is 
an anti-apoptotic signalling pathway [81]. Secondly, LGG blocks p38 MAP, which is a pro-
apoptosis (cell survival) signalling pathway [81]. Lastly, H. pylori produces urease to reduce 
the pH in its immediate environment as means of survival, which is inhibited by LGG [76], 
thereby reducing its chances for survival. 

The Probiotic LGG Produces Antimicrobial Substances Against 
H. pylori 

Antagonistic activity against H. pylori in vitro has been associated with lactic acid 
production [66, 82, 83] and to a lesser extent with the production of other short-chain fatty 
acids (SCFAs) [10]. Lactic acid increases the cell wall permeability of H. pylori (Figure 1). 
Besides, production of exopolysaccharide [84], lectin [85], and/or peptides with 
antimicrobial activity [86] by LGG has been shown to inhibit other pathogenic bacteria, 
however, this effect has not been shown for H. pylori specifically. A summary of studies on 
the effect of LGG on H. pylori and gastric pathology can be found in Table 3. 

A Sustainable Nutritional Intervention in East Africa 
– the Case Study of  Uganda 

The absence of dietary protective factors in the traditional starch-based diet in 
Uganda which mainly consists of bananas, roots and refined cereals, might be a major 
factor causing the high incidence of ulcers in this country. In rural Uganda, when one 
experiences dull, sharp or burning pain in the upper abdomen that might indicates 
dyspepsia, subsequent self-medication with simple and cheap acid suppressors (magnesium 
trisilicate) is the common practice. Many clinics lack any form of diagnostic equipment and 
will diagnose ulcers based on description of symptoms only, and subsequently mainly 
prescribe acid suppressors, though other medicine like histamine antagonists (H2 blockers) 
and proton-pump inhibitors that suppress acid secretion are also common. The frequent 
advice is to not use NSAIDs, spices, cigarettes, alcohol or carbonated drinks. Some clinics 
can perform serum-blood test to detect the presence of H. pylori antibodies. Only the 
minority of the population that enjoys a better economic status might visit private clinics 
that can perform endoscopy, and might opt for the more expensive eradication therapy. In 
its clinical guidelines, the Uganda ministry of health advises to primarily treat ulcers with 
acid suppressors and encourages regular, small and frequent meals, as well as the 
consumption of milk. 
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Kort and Sybesma [3] and chapter 2.1 described an intervention with the generic 
variant of LGG, in form of an LRY containing yoghurt drink, which is locally produced 
[chapter 2.2] and subsequently consumed by resource-poor communities in rural Uganda. 
We propose such an intervention as a preferred option to alleviate the burden of H. pylori 
induced pathology in resource poor communities. Blaser and Atherton [5] mentioned that 
a beneficial function of H. pylori colonization is the reduction of childhood diarrhoea. 
However, when H. pylori is in part replaced by LRY, this beneficial function of H. pylori 
might not be lost: LRY has the proven ability to reduce certain types diarrhoea [95, 96, 97, 
98, 99], but without the adverse risks that are associated with H. pylori colonization. The 
local production of probiotic fermented foods can be extended to cereal fermentations, 
most importantly as a variation on the already popular fermented millet drink (obushera) 
for the case of Uganda [chapter 2.2]. As it has been suggested that cereal fibres provide 
additional protection against gastric pathology [50, 54], this high-fibre drink may exhibit 
dual protective action against ulcer formation. 
Table 3 Summary of studies on the effect of LGG on H. pylori and gastric pathology. 

Study 
sample 
type 

Pre-treatment Treatment Mode of LGG 
administration 

Effect Reference 

In vitro 
coca-2 
cell 
culture 

LGG H. pylori Cells inoculated with 
LGG suspended in 
DMEM medium 

Inhibition of H. 
pylori adhesion by 
max 66% 

[16] 

Mice L. rhamnosus 
R0011 and 
Lactobacillus 
acidophilus 
R0052 

H. pylori Powder dissolved in 
sterile distilled water, 
orally administered. 

H. pylori colonized 
50% of the 
treatment group 
vs. 100% in the 
control group 

[89] 

13 
human 
subjects 

Subjects are H. 
pylori positive 

LGG, 2.5 × 109 
daily for 54 
days 

Probiotic drink also 
containing L. 
rhamnosus LC; P. 
freudenreichii ssp. 
shermanii JS; and B. 
breve Bb99 

Decrease of H. 
pylori colonization 
by 27% measured 
by 13C-UBT 

[75] 

Rats LGG 1 × 108 or 1 
× 109 cfu twice 
daily for 3 days 

Ethanol 
(inducing 
ulcers) 

Culture suspended in 
sterilized water 

Treatment group 
45% smaller lesions 

[11] 

Rats Acetic acid 
solution 
(inducing ulcers) 

LGG 1 × 108 or 
1 × 109 cfu 
twice daily for 
3 days 

Culture suspended in 
sterilized water 

Reduced gastric 
ulcer area by 32% 

[12] 

16 
human 
subjects 

LGG 1 × 107 trice 
daily for 5 days 

NSAIDS Commercial dairy 
product also 
containing L. helveticus 
and L. acidophilus 

Reduced gastric 
permeability by 
77% as compared 
to the non-
treatment group 

[88] 

Rats Acetic acid 
solution 
(inducing ulcers) 

Lactulose to 
stimulate 
growth of LAB 

Lactulose dissolved in 
drinking water 

Significant 
reduction of 
pathogen 
colonization, 
significant 
increased ulcer 
healing 

[90] 
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Conclusion 

Studies on the incidence of H pylori in East Africa came with widely varying 
outcomes, ranging between 25 and 87% in various population groups, possibly due to 
different detection methods used, or differences in study population. Pathology upon H. 
pylori colonization is modulated by several factors including the presence of virulence 
factors in the H. pylori strain, the ‘ethnic’ origin of the strain, and the specific immune 
responses of the host. Apart from H. pylori colonization, gastric pathology including 
ulceration is also affected by lifestyle factors, including diet. The right dietary factors have 
been shown to directly inhibit H. pylori as well as reduce H. pylori induced pathology. 

It is expected that administering probiotic yoghurt to children in developing 
countries from early childhood can reduce the incidence of H. pylori colonization in the 
general population. Besides prevention of H. pylori, LGG or its generic variant LRY may 
present an approach to establish and manage a harmless relationship between the host and 
H. pylori when the latter one is already present, counteracting the need for H. pylori 
eradication therapy. This alternative approach is cheaper and does not carry the risk of 
extensive antibiotic resistance [100], and is feasible to be implemented sustainably through 
locally produced yoghurt containing LRY. 

Major changes in diet might play an equally important role in the prevention and 
relieve of gastric pathology. In Uganda, locally available foods with protective factors 
include unrefined wheat, unrefined maize, unrefined rice, millet, soy beans, full-cream milk, 
spinach, and cabbage [50]. However, consumption of these products would require 
education of the population and a change in attitude, since even the rural population as a 
rule brings produced cereals to an electrical mill, in which the bran is separated from the 
cereal and subsequently the bran fraction is being used solely for animal feeds. An 
intervention with the mentioned locally produced yoghurt could capture the dietary 
protective benefits of milk as well as those of LRY. 
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Chapter 4.2 

 

A real-life nutritional study on health outcomes of 
a probiotic yoghurt intervention among 1116 
schoolchildren from three to six years old in 
Southwest Uganda  

Abstract 

Objective: School children in Southwestern Uganda have a high incidence of common 
childhood diseases. The aim of this study is to investigate the effect of the consumption of 
locally produced probiotic yoghurt containing Lactobacillus rhamnosus yoba 2012 in pre-
primary schoolchildren on the occurrence of respiratory tract infections (common cold) 
and skin infections (e.g. tinea capitis).   
Design: A real-life controlled interrupted time series study over a period of three weeks 
of baseline followed by nine weeks of intervention. 
Setting: Ten schools in Southwestern Uganda 
Participants: 1116 children aged three to six years: 584 in the intervention group and 532 
in the control group.  
Intervention: Probiotic yoghurt with Lactobacillus rhamnosus yoba 2012 or milk. Daily 
consumption from Monday to Friday was 100 ml in both groups.  
Main outcome measures:  Incidences of respiratory tract infection symptoms and skin 
infection symptoms, changes in anthropometric indicators and absenteism. 
Results: Over the course of the intervention period the incidence rate for RTI symptoms 
decreased faster in the yoghurt group than in the milk group (p = 0.09) resulting in a final 
RR of 0.85 (95% CI: 0.5 – 1.4) at the end of the intervention period. The incidence rate of 
skin infection related symptoms also reduced faster in the yoghurt group compared to the 
milk group (p < 0.0001) resulting in a relative risk factor (RR) of 0.6 (CI: 0.4 – 0.9) at the 
end of the intervention period. Anthropometric indicators and level of absenteeism did not 
show significant differences between intervention and control.   
Conclusions: The consumption of probiotic yoghurt may contribute to a decrease in the 
incidence of common cold and skin diseases. As these disease incidences differed between 
both study groups at baseline and fluctuated over the study period, an improved study 
design is required to draw definitive conclusions.  
Study registration:  ClinicalTrials.gov NCT03990220 
 

Keywords: Lactobacillus rhamnosus yoba 2012, yoghurt, milk, respiratory tract 
infection, common cold, tinea capitis, school feeding program, probiotics 
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Introduction 

Children in developing countries such as Uganda are at high risk of morbidity due 
to common childhood diseases. The Ugandan national Demographic and Health Survey 
indicated that in the Southwestern region of the country, 14% of the children < 5 years of 
age had suffered from diarrhoea in the past two weeks, and 11% from Respiratory Tract 
Infections (RTIs) [1]. Pneunomia occurs in 3% of all children < 5 years in Africa [2] and is 
the leading cause of child mortality in Uganda. Together with other lower respiratory tract 
infections, they are responsible for 23% of the deaths of children between 1 and 59 months 
of age [3].  Tinea capitis, a fungal infection, usually caused by Trichophyton or Microsporum 
species on the scalp, is a common skin condition among children 2-11 years [4]. Tinea 
capitis is found worldwide, but is more common among children living in crowded 
households and under poor sanitary conditions, as is commonly found in developing 
countries such as Uganda [4,5].  National statistics on the incidence of this disease in 
Uganda are not available. Finally, in the Ankole sub-region in Southwestern Uganda, 29% 
of the children < 5 years of age has been found to be stunted, and 2% is wasted [6]. 
Aflatoxins, carcinogenic substances produced by moulds in poorly stored food, have been 
proposed as a precursor for stunting [7]. Aflatoxins are found in alarmingly high levels in 
commonly consumed foods in Uganda, most especially in ground nuts and maize [8].  

The World Health Organization (WHO) recommends the intake of 0.66 g 
protein/kg bodyweight per day, as protein is the best source of amino-acids, building 
blocks of human bodies [9]. Like all developing countries, the diet in Uganda is starch-
dominated, and hence many people do not meet the daily recommended intake of protein 
[10]. Milk is an excellent source of protein with high bioavailability [11]. Facing the paradox 
of poor child growth indicators versus the high production of milk in the Southwestern 
region, SNV (The Netherlands Development Organization) designed a program to 
promote the consumption of milk in schools as part of a larger developmental project in 
the dairy sector in this region, called The Inclusive Dairy Enterprise Project (TIDE). Under 
this intervention, primary schools in seven districts in South-West Uganda that are part of 
the Ankole sub-region (Kiruhura, Lyantonde, Bushenyi, Sheema, Isingiro, Ntungamo and 
Mbarara) have been engaged. School leaders and parents are sensitized about the health 
benefits of regular milk consumption for child growth and general well-being, and 
encouraged to pay an additional school fee for the milk. For approximately 5.5 USD, a 
child is provided with 100 ml of milk for five days per week during a school term of 12 
weeks. The milk is delivered in raw form to the schools and is boiled at the school premises 
as a component of maize porridge, after which it is consumed by the children in the form 
of a hot beverage. After four years of implementation, approximately 300 000 primary and 
pre-primary school children had enrolled in the program.  

Following the successes of the TIDE school milk program, SNV and the Yoba for 
Life foundation designed a similar intervention to address specifically health challenges that 
are common in young children such as diarrhoea, common cold, allergies, skin conditions 
and poor growth indicators, by stimulating the consumption of probiotic yoghurt 
containing Lactobacillus rhamnosus yoba 2012 among this target group. The Yoba for Life 
foundation has been working in Uganda to stimulate the local production of this probiotic 
yoghurt and has created a network which has currently grown to over 130 small scale 
yoghurt production units (Chapter 3). The intervention is similar to the school milk 
program and implemented in the same area, but targets specifically pre-primary institutions. 
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The cost of taking 100 ml of yoghurt for five days per week is 6.50 USD per school term. 
This program simultaneously supports the health of young children, as well as creating a 
market for the locally produced yoghurt, thereby increasing employment opportunities and 
household incomes (Chapter 3).  Two years after implementation, over 20.000 pre-primary 
children have been enrolled in the program.  

Probiotics are defined by the FAO/WHO as “live microorganisms, which when consumed 
in adequate amounts, confer a health benefit on the host” [12]. Lactobacillus rhamnosus GG is the 
world’s best documented probiotic bacterium with many proven unique characteristics [13] 
and associated health benefits, including the prevention and reduction of diarrhoea [14], 
common cold [15], allergies and skin conditions [16]. No adverse effects of the 
consumption of L. rhamnosus GG have been reported in the non-immuno-compromised 
population. The probiotic strain used in the locally produced probiotic yoghurt in Uganda 
is a generic variant of L. rhamnosus GG, called Lactobacillus rhamnosus yoba 2012 [17]. 

More than 30 studies have been conducted on the effect of probiotics on the health 
of children attending day care centres [18, 19], the majority of them looking at the incidence 
and duration of gastrointestinal infections and respiratory tract infections (RTIs). An 
overview of the studies that use L. rhamnosus species is presented in table 1. In the current 
study, we specifically look at the incidence of common cold and skin infections. Common 
cold is the most common form of respiratory tract infection. 
 
Table 1: Summary of studies investigating the effect of L. rhamnosus GG (LGG) on respiratory tract infections (RTI) in day 
care centres 

Place and 
design 

Subjects Intervention Outcomes Refere
nce 

Finland, 
randomized, 
double-blind 
placebo-
controlled 
trial 

517 children, 1-6 
years old 

Milk (placebo) or milk 
with LGG, 260 ml/day, 
7 days per week, 7 
months 

Relative reduction of 17% in the 
number of children suffering from 
RTI with complications and lower 
respiratory tract infections (Odds 
Ratio OR 0.75, 95% CI 0.52 to 
1.09) 

[20] 

Croatia, 
randomized, 
double-blind 
placebo-
controlled 
trial 

742 hospitalized 
children, average 
age 10 years 

Fermented milk 
(placebo) or yoghurt 
containing LGG, 100 
ml/day, average 4-5 
days (duration of 
hospitalization).  

Significantly reduced risk of RTI in 
the LGG group compared to the 
placebo group (Relative Risk RR: 
0.38 [95% CI: 0.18–0.85]; 

[21] 

Croatia, 
randomized, 
double-blind 
placebo-
controlled 
trial 

281 children, 1-7 
years old 

Fermented milk 
(placebo) or yoghurt 
containing LGG, 100 
ml/day, 7 days per 
week, 3 months 

The risk of RTI significantly 
reduced in the LGG group 
compared with the placebo group 
(RR 0.63, 95% CI 0.51 to 0.79).  

[22] 

Argentina, 
Randomized 
controlled 
trial  

298 children, 2-5 
years old 

Regular yoghurt 
(placebo) or yoghurt 
containing L. 
rhamnosus CRL 1505, 
100 ml/day, 5 days 
per week, 6 months 

The incidence of RTI in the 
intervention group was 31%, 
versus 69% in the control group. 
The study found no differences in 
anthropometric indicators 
between the intervention and 
control group. 

[23] 

Finland, 
randomized, 
double-blind, 
placebo-

523 children, 2-6 
years old 

Milk (placebo) or milk 
containing LGG, 400 
ml/day, 7 days per 
week, 28 weeks 

Insignificant reduction in the sick 
days due to RTI in the 
intervention group. Incidence rate 

[24] 
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Place and 
design 

Subjects Intervention Outcomes Refere
nce 

controlled 
trial 

ratio (IRR) 0.97; 95% CI:0.94–1.00; 
P=0.098) 

Finland, 
randomized, 
double-blind, 
placebo-
controlled 
trial 

children in the 
intervention group 
with faecal LGG 
recovery (n=81), 
and children in the 
control group with 
no faecal LGG 
recovery (n=47), 2-
6 years old 

Milk (placebo) or milk 
containing LGG, 400 
ml/day, 7 days per 
week, 28 weeks 

IRR of RTI in intervention group 
0.83; 95% CI: 0.78–0.88; P<0.001. 

[24] 

Note: Studies with different probiotic strains or with a combination of strains [18, 19] have not 

been included in this table. 

 
With regard to skin infections, a number of studies have been conducted on the 

incidence of tinea capitis among primary school children in various African countries. For 
example, Ayaya et al. [5] found an incidence of 33% among children attending a primary 
school in Kenya, Chepchirchir et al. [25] found 11% among eight primary schools in urban 
slums in Kenya, and Ngwogu and Otokunefor [26] found an incidence of 20% among 
children attending primary schools in Nigeria.  

Two in vitro studies showed a strong inhibitory effect of lactic acid bacteria species 
on the growth of the fungal species Microsporum and Trichophyton, which are responsible for 
tinea capitis [27,28]. The mechanism of action presumably comes from the production of 
anti-fungal compounds. However, to date no other studies have been performed on the 
relation between tinea capitis and probiotic intake in human beings.  

Despite the large body of evidence showing the ability of L. rhamnosus GG to 
prevent and reduce the above-mentioned conditions, the efficacy of generic L. rhamnosus 
GG variant, Lactobacillus rhamnosus yoba 2012, has not been studied specifically in the 
population of Ugandan children. Yet in Uganda, there is an established and sustainable 
supply of Lactobacillus rhamnosus yoba 2012 through the wide-spread local production of 
probiotic yoghurt using the ‘yoba’ starter culture [Chapter 2 and 3,17], as well as through a 
current successfully ongoing program to promote its consumption among children in pre-
primary institutions. This practice prompted the current study to confirm the reported 
benefits of the L. rhamnosus GG generic Lactobacillus rhamnosus yoba 2012 for this specific 
population group.   

Experimental proof of the efficacy of L. rhamnosus yoba 2012 has been described in 
hundreds of studies. However, proof of effectiveness of consuming locally produced 
probiotic yoghurt containing L. rhamnosus yoba 2012 and S. thermophilus C106 can only be 
shown through a demonstration on the target group in real-life setting [29], as is done in 
this study.  Hence, this is the first time that we study the effect of the consumption of L. 
rhamnosus yoba 2012 in children attending pre-primary institutions on the African 
continent. Only children from whom the parents had agreed to pay for yoghurt or milk 
consumption as ongoing practice were recruited to participate. As study outcomes we 
included the commonly studied incidence of RTI, but also the occurrence of skin diseases, 
which is specifically a common problem among African children.  

  



127 
 

Results 

Locally produced milk and probiotic yoghurt 

 The milk as used in the control arm was supplied by local farmers or dairy 
cooperatives, as identified by SNV/TIDE in collaboration with the school. The milk was 
delivered to the schools as fresh milk in aluminium milk cans, and tested with the simple 
milk quality tests as described in chapter 2.1. The milk was boiled at the school premises 
together with water and maize flour, into a maize porridge. Each child in the study arm 
consumed 400 ml maize porridge per day, which contained 100 ml milk.  

Five small-scale yoghurt producers produced the probiotic yoghurt for the five 
schools in the yoghurt arm, according to the described protocol (chapter 2.1). On daily 
basis, the quality of the yoghurt was monitored by organoleptic tests (taste and appearance) 
before being served to the children. In collaboration with the local authorities (Dairy 
Development Authority), samples of the 5 producers were taken twice during the study in 
order to confirm the absence of pathogenic bacteria. In accordance with the cell count 
experiments as described in Chapter 1, we assume that by consuming daily serving sizes of 
100 ml, the children were supplemented with approximately 1E+9 CFU L. rhamnosus yoba 
2012 and 1E+11 CFU S. thermophilus C106 per day. Although there is a large body of 
literature pointing to the health benefits of L. rhamnosus yoba 2012 (L. rhamnosus GG), there 
currently are no studies on the health benefits of S. thermophilus C106. As a consequence, 
for all results presented below, we cannot exclude the role of S. thermophilus C106, or a 
synergistic effect between the two bacteria.  

Data collection and analysis 

All data collected during the 9 weeks of study by the locally employed nurses 
(incidence of skin disease, common cold and anthropometric data) is presented in figures 
1A – 1F.  

As the study was not randomized, the study subjects were not equal in their socio-
economic characteristics (table 2). Data evaluation revealed a correlation between some 
socio-economic characteristics and the study group in which the subjects fell, or, in other 
words, if a study subject had certain socio-economic characteristics, he/she was more 
propense to belong to a certain study group. More specifically, on average children in the 
yoghurt group belonged to higher income families compared to children in the milk group. 
Hence, a propensity score was assigned to the study subjects. Next, propensity score 
weighing was used to correct for differences in baseline characteristics of the children. 
Propensity scores were calculated based on socio-demographic characteristics as obtained 
through the parents’ interviews at baseline. 

The incidence of skin diseases at Faith Memorial, Jireh Junior (control arm) and 
BDA junior (intervention arm) were supposed to be collected by the same nurse. However, 
as is evident from graph 1A and 1B, the nurse who was responsible for data collection in 
these three schools, did not observe skin diseases in children and hence most likely strongly 
underreported the incidence of skin diseases. This prompted the exclusion of these schools 
in further analysis of skin diseases.  

In total from all the possible datapoints that could have been reported, 82% were 
collected. Where datapoints were missing (e.g. due to absence of nurses at a certain school 
on a certain day), the total incidence of diseases on these days could not be estimated. In 
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such situations, interpolation of the datapoints per school was done before calculating the 
total incidence of disease per school. Furthermore, both in the first and the last (twelfth) 
week of the study, data could only be collected at half of the schools or less. Hence these 
weeks were excluded from data analysis.  

In addition, it was noted that occasionally reports of skin conditions were irregular. 
For instance, from the normal development of these skin conditions [30, 31] and from the 
way skin diseases have been reported more consciously in the study described in 4.3, it is 
unlikely that a skin disease condition would disappear on some days and would come back 
the following day. For example, a certain condition could have been reported on day 1, 3, 
4, 6, 10 and 11. For analysis, it was assumed that gaps smaller than 10 days actually 
represented an ongoing episode of skin disease. If there was a gap of more than 10 days, 
we assumed it concerned two different episodes.  

 
 

 
Figure 1A: Absolute incidence of skin diseases per school in the control study arm.   
 

 
Figure 1B: Absolute incidence of skin diseases per school in the intervention study arm. 
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Figure 1C: Absolute incidence of skin diseases in the intervention study arm (open circles) and the control study arm (closed 
circles). 
 
 

 
Figure 1D: Absolute incidence common cold per school in the control study arm. 
 

 
Figure 1E: Absolute incidence common cold per school in the intervention study arm. 
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Figure 1F: Absolute incidence of common cold in the intervention study arm (open circles) and the control study arm (closed 
circles). 

Socio-demographic characteristics 

Socio-demographic characteristics of the children in the intervention and control 
group are summarized in table 2. The table shows that originally the intervention and 
control group are very similar in the average age of the household head, the composition 
of the household, the presence of a toilet, and methods of preparing drinking water. 
However, differences are pronounced in the proportion of female headed household 
(widows or single mothers), level of education of the parents, source of water (e.g. piped 
water or well) and the amount of school fees paid.  

After using the different variables obtained at baseline to determine the propensity 
of each individual child of being in the intervention group, and subsequently using the 
propensity score to assign the children different weights according to the SMR method 
(see methods section), the similarity of socio-demographic characteristics in the control 
and intervention group improved notably, as is shown in table 2.  

Dietary indicators 

Dietary diversity scores (DDS) at baseline, midline and end line for the intervention 
and control group are presented in table 3. This table shows that the DDS are fairly similar 
between the intervention and control group. The DDS in the intervention group is slightly 
higher, possibly as a result of a relatively higher wealth status, as mentioned above. At an 
average day before the study started, 58% of the children in the intervention group and 
72% of the children in the control group would consume milk products (table 2). As a 
result of the intervention, this increased to 88% in the intervention and 91% in the control 
group (during week days every child consumed a milk product, but on Saturday and Sunday 
this depended on household choices). The increased consumption of milk products 
explains for a large part the slight increase of DDS in midline and end line as compared to 
baseline.   
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Table 2: Household characteristics of the intervention (yoghurt, n=577) group and control (milk, n=492) group, collected 
during the baseline questionnaire in the first two weeks of the study.  

 
  

Original SMR-weighted (ATT) 

Milk Yoghurt Milk Yoghurt 

  
  

Boys 51% 52% 55% 52% 

Girls 49% 48% 45% 48% 

  Average age child 4.84 4.79 5.14 4.79 

  
  

Male headed household 80% 89% 87% 89% 

Female headed household 20% 11% 13% 11% 

  Average age household head 36.37 36.60 38.15 36.60 

  
  
  
  
  
  
  
  
  

People in household 5.32 5.53 5.66 5.53 

Females below 5 years (<5years). 0.85 0.85 0.89 0.85 

Males below 5 years (<5years) 0.84 0.87 0.95 0.87 

Females aged 6 to 13 years (6-13 years) 0.50 0.57 0.45 0.57 

Males aged 6 to 13 years (6-13 years) 0.60 0.66 0.64 0.66 

Females aged 14 to 59 years (14-59 years) 1.32 1.26 1.40 1.26 

Males aged 14 to 59 years (14-59 years) 1.06 1.09 1.14 1.09 

Females aged 60+ years (60+ years) 0.09 0.11 0.10 0.11 

Males aged 60+ years (60+ years) 0.05 0.13 0.08 0.13 

 Education level 
household head 

No formal education 4% 2% 2% 2% 

Primary 31% 18% 24% 18% 

Secondary 29% 33% 27% 33% 

Tertiary 37% 46% 47% 46% 

  
  

Toilet 98% 98% 98% 98% 

No toilet 2% 2% 2% 2% 
Source of water Protected well or spring 12% 5% 8% 5% 

Borehole 5% 3% 2% 3% 
Open spring or well 17% 9% 9% 9% 

Surface water 1% 0% 0% 0% 

Rain water 2% 3% 1% 3% 

Piped water 63% 79% 81% 79% 

Drinking water Boil water 99% 100% 98% 100% 

Let it stand and settle 1% 0% 1% 0% 

Food taken in 
the last 24 
hours  

Fermented cereal (bushera) - baseline 26% 8% 9% 8% 
Fermented cereal (bushera) - midline 12% 14%   
Fermented cereal (bushera) – end line 10% 11%   
Milk 72% 58% 68% 58% 

Fermented milk 3% 4% 3% 4% 

School fees 102 196 127 196 

 
 
Table 3: Dietary Diversity Score of the intervention (yoghurt, n=577, 562, 569 for baseline, midline and end line) and control 
(milk, n=492, 518, 519 for baseline, midline and end line) group at the baseline, midline and end line questionnaire round 
according to the method developed by Swindale and Bilinsky (2006) 

 Milk Yoghurt 

Baseline 6.2 6.4 

Midline 6.5 6.5 

End line 6.5 6.8 
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At household level, on an average day during the study, 11% of the children in the 

intervention group and 16% of the children in the control group used to consume a 
fermented cereal porridge called bushera [32]. In addition, on an average day during 
baseline, 4% of the children in the intervention group and 3% of the children in the control 
group used to consume fermented milk products (locally fermented milk or regular 
yoghurt).  

Skin conditions 

During the twelve weeks of the study, 30% of the children in the intervention group 
and 35% of the children in the control group were found to have a pathological skin 
condition at some point in time. The most common identified skin conditions occurred on 
the scalp, i.e. tinea capitis (fungal infection) and folliculitis (bacterial infection of hair follicles). 
Usually the children suffered from a combination of both conditions. These two scalp 
conditions together accounted for 89% and 90% of all the reported skin conditions in the 
intervention and control group respectively.  

During the three weeks of baseline prior to the intervention, the incidence of skin 
conditions was found to be higher in the intervention group compared to the control 
group, with averages of 7% and 3% respectively (figure 2A). In the subsequent three weeks, 
which were the first three weeks of the intervention, the incidence of skin conditions rose 
substantially in both groups (figure 1A). However, this rise is stronger in the milk group 
compared to the yoghurt group. Furthermore, after a peak at t = 6 weeks, the incidence of 
skin conditions in the intervention group decreased, while the incidence in the milk group 
continued to fluctuate with an average decrease over the remaining 4 weeks of intervention. 

 
 Figure 2A: The actual and model-fitted SMR-weighted incidence (see methods section) of skin diseases in the intervention 
(yoghurt, n=507) group and control (milk, n=287) group between day 7 and day 73, expressed as a percentage of the total 
children under observation. Δ = datapoints intervention group; solid line = trend intervention group; ● Data points control 
group; dotted line = trend control group. The vertical dotted line indicates the transition from baseline (day 1-21) to 
intervention period (day 22-84); three segments indicated by vertical grey dotted lines 
 

The difference and the 95% confidence intervals in the relative incidence of skin 
infection symptoms in the intervention group over the control group, using the SMR 
weights in the model estimation, are shown in Figure 2B. Linear regression is used to 
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analyse trends, see addendum II. During the intervention there is a significant relative 
decrease over time (P-value for intervention trendline < 0.0001) in incidence of skin 
conditions of the intervention group compared to the control group. This trendline 
indicates a final relative risk (RR) of 0.6 (CI: 0.4 – 0.9) for the incidence of skin conditions 
after 8 weeks of probiotic yoghurt consumption.  This is consistent with a beneficial effect 
of probiotics on the incidence of skin conditions. However, care should be taken when 
interpreting these results, as notwithstanding the propensity adjustment, intervention and 
control group had significantly different levels of skin disease on 7 out of the 10 
measurement points during the baseline period.     

 

 
 

Figure 2B: The actual and model-fitted difference and the 95% confidence intervals in the relative incidence of skin diseases 
in the intervention group over the control group in the intervention period.  
 

The measurement points during intervention were split-up into 3 segments of 13 
measurement points (each representing 13 weekdays), as shown by the grey vertical lines 
in figure 2A. Table 4A shows the average number of sick days per child out of these 13 
days. It can be seen that in the first time-segment, the incidence of skin disease is still 
increasing, probably as a result of cross-infection, where the relative increase in the 
intervention group was less than in the control group. This trend was also evident from 
figure 1A. While in the second time segment this increase is halted in both groups, in the 
third time segment the incidence of skin disease decreases with 26% in the intervention 
group compared to a much smaller decrease of 6% in the control group. These findings 
could be confirmed by the analysis of the number of children that have not been reported 
sick in the same segments of 13 days: While in the second time segment there is still an 
increase in the number of children reported sick, during the last period this changes to an 
increase in the number of healthy children. The increase in healthy children is 5% in the 
control group, while there is a much higher increase of 13% in the intervention group (table 
4B).  Hence, this data suggests that a potential beneficial effect of probiotics became more 
dominant over time. 
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Table 4A: Average days of skin disease per child in the intervention (yoghurt, n=507) group and control (milk, n=287) group 

in a segment of 13 days. Note: a negative value means a reduction of the observed symptoms. The corresponding laps in 

time is indicated in figure 2A 

 Segment 1  Segment 2  Segment 3  Difference Relative difference 

 

(Datapoin
t 1 – 13) 

(Datapoint 
14 – 26) 

(Datapoint
s 27 – 39) 

Segment 2, 
1 

Segement 
3, 2 

Segmen
t 2, 1 

Segement  
3, 2 

Control 0.75 1.42 1.34 0.67 -0.08 89% -6% (p = 0.3048) 

Intervention 1.34 1.47 1.08 0.13 -0.38 9% -26% (p = 0.0004) 

 

Table 4B: Children not reported for skin infections (healthy children) in the intervention (yoghurt, n=507) group and control 

(milk, n=287) group in a segment of 13 days. The corresponding laps in time is indicated in figure 2A. Note: a negative value 

means a reduction in the number of healthy children.  

 

Segment 1 
(Datapoint 
1 – 13) 

Segment 2 
(Datapoint 
14 – 26) 

Segment 3 
(Datapoint 
27 – 39) 

Difference Relative difference 
Segment 
2, 1  

Segment 
3, 2  

Segment 
2, 1  

Segment  
3, 2  

Control 222 (77%) 203 (71%) 214 (75%) -19 11 -9% 5% (p = 0.3030) 

Intervention 402 (79%) 382 (75%) 430 (85%) -20 48 -5% 13% (p = 0.0002) 
 

Common cold 

The incidence of the common cold started to rise immediately when the children 
got back to school. During the intervention there was a subsequent trend of decreasing 
incidence of common cold in the intervention group as well as the control group. However, 
as can be seen from figure 3A, this trend was slightly stronger in the intervention group.  

The difference and the 95% confidence intervals in the relative incidence of 
common cold in the intervention group over the control group, using the SMR weights in 
the model estimation, is shown in Figure 3B. Linear regression was used to analyse trends, 
see addendum II. During the intervention there is a slight decrease over time in the number 
of children suffering from common cold compared to the control group (P-value for 
intervention trend = 0.09). This trendline indicates a final RR of 0.85 (CI: 0.5 – 1.4) for the 
incidence of common cold after 8 weeks of probiotic yoghurt consumption, which does 
not yet allow to make definitive conclusions on the efficacy of the probiotic yoghurt vs. 
milk for the reduction of common cold. 

Also, for this study outcome, the measurement points during intervention were 
split-up up into 3 time segments of 13 measurement points (representing 13 weekdays), as 
indicated by the grey vertical lines in figure 3A. Table 5A shows the average number of 
sick days per child out of these 13 days. It can be seen that throughout the first and the 
second time segment, the incidence of the common cold decreased for both groups. This 
trend was also evident from figure 3A. In the last segment, this increase levelled off for the 
control group, while it continued to decrease with 31% compared to the second time 
segment for the intervention group.  These findings are confirmed by the analysis of the 
number of children that have not been reported sick in the same segments of 13 days: 
While in the second time segment there is still an increase in the number of children 
reported sick in both groups, during the last time segment this changes to a small increase 
(3%) in the number of healthy children in the intervention group. However, this cannot be 
observed for the number of healthy children in the control group (-1%), table 5B. Hence, 
we conclude based on the observed trends that also for this condition, a potential beneficial 
effect of probiotics came gradually. In-dept analysis of the course of different symptoms 
of common cold is presented in Addendum I. It is shown that the course of rhinitis is 
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similar to the general course of common cold, while for cough there is a sharp drop in the 
intervention group as soon as the intervention starts. However, this trend in cough seems 
to be dominated by findings of only one school, and is not confirmed by trends in the 
other four schools in the intervention group.  

 
 

 
Figure 3A: The actual and model-fitted SMR-weighted incidence (see methods section) of the common cold in the 
intervention (yoghurt, n=584) group and control (milk, n=532) group between day 7 and day 73, expressed as a percentage 
of the total children under observation. Δ = datapoints intervention group; solid line = trend intervention group; ● Data 
points control group; dotted line = trend control group. The vertical dotted line indicates the transition from baseline (day 
1-21) to intervention period (day 22-84; three segments indicated by vertical grey dotted lines).  
 

  
 

Figure 3B: The actual and model-fitted difference and the 95% confidence intervals in the relative incidence of common cold 
in the intervention group over the control group during the intervention period 
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Table 5A: Average days of common cold per child in the intervention (yoghurt, n=584) group and control (milk, n=532) group 
in a segment of 13 days. Note: a negative value means a reduction of the observed symptoms. The corresponding laps in 
time is indicated in figure 3A 

 Segment 1  Segment 2  Segment 3  Difference Relative difference 

 

(Datapoint 
1 – 13) 

(Datapoint 
14 – 26) 

(Datapoint 
27 – 39) 

Segment 
2, 1 

Segement  
3, 2 

Segment 
2, 1 

Segement  
3, 2 

Control 1.16 0.82 0.82 -0.34 0.00 -29% 0% (p = 0.71) 

Intervention 1.26 1.08 0.75 -0.18 -0.33 -14% -31% (p = 0.097) 

 
Table 5B: Children not reported for common cold (healthy children) in the intervention (yoghurt, n=584) group and control 
(milk, n=532) group in a segment of 13 days. Note: a negative value means a reduction in the number of healthy children. 
The corresponding laps in time is indicated in figure 3A 

 

Segment 1 
(Datapoint 
1 – 13) 

Segment 2 
(Datapoint 
14 – 26) 

Segment 3 
(Datapoint 
27 – 39) 

Difference Relative difference 
Segment 
2, 1  

Segment 
3, 2  

Segment 
2, 1  

Segment  
3, 2  

Control 332 (62%) 383 (72%) 379 (71%) 51 -4 15% -1% (p = 0.79) 

Intervention 395 (68%) 424 (73%) 438 (75%) 29 14 17% 3% (p = 0.35) 

Absenteeism 

The average absenteeism during week 2 and 3 of the baseline period (week 1 was 
not considered representative as many children had not yet returned after holidays), was 
3.4% (SD 0.86%) in the intervention group, and 3.3% (SD 1.1%) in the control group. The 
average absenteeism during the intervention, dropped to 2.7% (SD 1.2%) in the 
intervention group and 2.3% (SD 0.80%) in the control group. See table 6 for an overview 
of the P-values.  The observed slight trend of increase of school attendance in both groups 
could be the result of school feeding programs in general, as an increase in school 
attendance as a result of school feeding programs has been reported by several other 
authors. Studies among low-income or food-insecure children in North-Uganda [33], 
Ghana [34], and South-Ethiopia [35] showed increases in school attendance of 13 percent 
points, 15% and 13% respectively as a result of offering meals at school. A study among 
children in Kenya with a baseline attendance of 95%, still showed an increase in attendance 
of 1- 4 percentage points for different school meals provided [36]. In the current study the 
measured effect of the provision of dairy products on school attendance was very small, as 
the majority of the schools already provided (very basic) meals at schools.  
 
Table 6: P-values of inter- and intra-group differences of collected data during baseline and end line.  

 Yoghurt end line Milk baseline 

Yoghurt baseline 0.087 0.92 
Milk end line 0.13 0.0022 

Anthropometric indicators 

Table 7 shows the average age, weight and height of the children in both groups at 
four measurement points. It furthermore shows the SMR weighted average scores for the 
height-for-age (HAZ), weight-for-age (WAZ) and Body Mass Index-for-age (BAZ) at the 
four different measurement points during the study. A HAZ value of ≤-2 indicates stunted 
growth, a WAZ value of ≤-2 indicates wasting, and a BAZ of ≤-2 indicates underweight.  
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Table 7: Average age, weight, height and anthropometric indicators height-for-age (HAZ), weight-for-age (WAZ) and Body 
Mass Index-for-age (BAZ) at the four different measurement points during the study for the intervention (yoghurt, n=424) 
and control (milk, n=379) group. Only children from whom all 4 measurements points were taken and the date of birth was 
known, were included in this analysis. Measures are assessed in reference to the WHO standard growth curves, and are 
expressed as Z-scores (see methods section).  

 Average age 
(months) 

Average 
weight (kg) 

Average 
height (cm) HAZ WAZ BAZ 

Yoghurt       

Week 1 57.6 (± 13.6) 17.8 (± 3.0) 105.9 (± 8.4) -0.41 -0.07 0.30 
Week 3 58.0 (± 13.6) 17.7 (± 2.9) 106.2 (± 8.3) -0.39 -0.14 0.17 
Week 7 58.7 (± 13.6) 17.9 (± 3.0) 106.7 (± 8.3) -0.37 -0.13 0.17 
Week 11 59.7 (± 13.6) 17.9 (± 3.0) 107.0 (± 8.3) -0.41 -0.19 0.13 

Milk       

Week 1 58.6 (± 16.6) 18.1 (± 3.3) 107.3 (± 10.1) -0.20 -0.01 0.17 
Week 3 59.2 (± 16.6) 18.2 (± 3.4) 107.6 (± 10.0) -0.23 -0.03 0.16 
Week 7 59.9 (± 16.6) 18.3 (± 3.4) 108.1 (± 10.1) -0.23 -0.09 0.08 
Week 11 60.8 (± 16.6) 18.4 (± 3.4) 108.4 (± 10.0) -0.24 -0.08 0.10 

 
Table 8: P-values of inter- and intra-group differences of collected anthropometric parameters during baseline and end line.  

  Yoghurt end line Milk baseline 

HAZ Yoghurt baseline 0.98 0.039 
 Milk end line 0.058 0.025 
WAZ Yoghurt baseline 0.00007 0.34 
 Milk end line 0.054 0.010 
BAZ Yoghurt baseline < 0.00001 0.092 
 Milk end line 0.57 0.080 

 
As can be seen from table 7, children in both groups have on average healthy lengths 

and weights although the HAZ and WAZ are slightly below WHO standards, and a BAZ 
slightly above the WHO standards. The children in the intervention group where slightly 
shorter for their age compared to the children in the control group and compared to the 
WHO standards. In this study we found an overall rate for stunting and wasting of 9% and 
3%, respectively. This rate of stunting is far below the 29% that the Uganda Bureau of 
Statistics (2017) found in the Demographic and Health survey of 2016, whereas the rate of 
wasting is similar.  

From the results of the current study it can be concluded that the consumption of 
either 100 ml milk or 100 ml probiotic yoghurt per day for 5 days per week, does not have 
a measurable effect on the growth parameters of children within the relatively short period 
of 8 to 9 weeks (P-value WAZ and BAZ end-line difference intervention and control are 
0.34 and 0.57 respectively, see tables 7 and 8). It is however remarkable that in both groups 
the growth parameter scores went down over the study period (P-values WAZ 0.00007 and 
0.010 and BAZ < 0.00001 and 0.080 for yoghurt and milk groups, respectively, see tables 
7 and 8).  

Discussion 

Strengths of this study 

The study was designed as part of an ongoing developmental program that 
introduced milk and yoghurt in schools, as outlined in the introduction. This is the first 
time that we study the effect of the consumption of L. rhamnosus yoba 2012 in children 
attending pre-primary institutions on the African continent. Only children for whom the 
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parents had agreed to pay for yoghurt or milk consumption as ongoing practice were 
recruited to participate. 

Contrary to many other intervention studies, the present study resembled a real-life 
situation of primary schools in Southwestern Uganda where probiotic yoghurt was already 
served. Specifically, for this study and in order to allow baseline measurement where no 
yoghurt or milk was consumed, ten new schools were recruited to start with the milk or 
yoghurt program. During the study there was minimal distortion of daily practices at the 
participating schools. In addition, no dietary or behaviour guidelines were given to the 
participating children and their parents, except for the daily consumption of 100 ml of 
probiotic yoghurt or milk. 

The yoghurt was locally produced by producers who were not only recruited to 
produce the product for this study, but who were already supplying the probiotic yoghurt 
to neighbouring schools. The producers are receiving both technical as well as business 
guidance on continuous basis, and the quality of the product was regularly tested as 
mentioned before.  

Another strength of this study is the fact that the probiotic L. rhamnosus yoba 2012 
has propagated in the milk matrix during the fermentation. As a consequence, and contrary 
to how concentrated probiotic dietary supplements are produced, the fermented milk 
matrix also contains bioactive metabolites like acids and vitamins produced by the L. 
rhamnosus and S. thermophilus bacteria during milk fermentation.  

Limitations of this study 

The study was non-randomized, and participation in either the intervention or 
control group depended on the school’s and parents’ choice to either adopt the school milk 
or the school yoghurt program. As the yoghurt program was slightly more expensive, and 
as yoghurt is an unknown product to part of the rural population, it was found that the 
yoghurt program was more popular among schools where children from higher economic 
status attended.  

The second challenge related to the duration of the study, which was limited to the 
duration of a school term of 12 weeks. However, 8 out of the 10 schools closed after 11 
weeks, instead of after the anticipated 12 weeks as had been dictated by the official school 
calendar. Consequently, the intervention period was in reality 1 week shorter than the 
planned 9 weeks.  

Third, many schools had put restrictions on the time and duration of the daily 
visitations of the nurse, hence the nurses were sometimes rushed, which may have caused 
them to overlook certain incidences of diseases. This may have contributed strongly to the 
irregularity in reports of skin conditions as outlined in the methods section, whereby skin 
disease was for example reported on 4 separate days within a period of 10 days. Yet from 
the pictures that came with the reports, and from the normal development of these skin 
conditions [30, 31], it is unlikely that the condition would disappear on some days and 
would come back the following day. These gaps in reporting could also have been caused 
by the child being absent, or the nurse not attending to the school at that particular day, or 
the hair of the child growing, making the condition harder to detect (children usually go 
for shaving every 1 or 2 weeks, making the condition suddenly much more visible). 

Fourth, although all the locally hired nurses had been certified in the nursing 
profession, they are not equally qualified as medical doctors or dermatologists, and hence 
there may be errors in the exact diagnosis of some skin conditions. Likewise, the World 
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Health Organization [31] points out that worldwide in many primary health clinics, skin 
diseases are being misdiagnosed.  

Fifthly, due to a wide variety of causes, on average the nurses were absent at schools 
at 18% of the school days during the term.  

Lastly, in the first week of the study it became clear that one of the nurses did not 
collect the data as required, and hence she was replaced. As a consequence, the first 6 days 
of data were missing for the two schools that this nurse was supposed to work at.  

Socio-demographics 

As mentioned in the limitations, it was found that the yoghurt program was more 
popular among schools with higher school fees, of which the parents had on average higher 
levels of education and were residing in areas with better developed infrastructure (evident 
from access to piped water) (table 2).  

The high level of milk consumption and significant level of consumption of 
fermented foods (though not known to be probiotic) of children at baseline and during the 
intervention, may have attenuated the impact of the intervention as health benefits can be 
expected from the general consumption of fermented foods [38]. However, the study 
aimed to investigate the impact of probiotics present in the locally produced probiotic 
yoghurt on the lives of children in Southwest Uganda in their normal situation.  Hence, 
children were not prohibited or forced to change their normal dietary habits. Rather, their 
dietary habits have been assessed, and used as a parameter when calculating propensity 
scores of the children (see methods).  

Skin conditions 

The incidence of tinea capitis found was in the same range as reported by other 
authors who conducted studies among African children [5,25,26]. The increase in skin 
conditions during the first 6 weeks of the study may be due to the fact that most of these 
skin conditions are highly transmittable [31], and hence their prevalence increases when 
children come back to school after holidays, as is further explained in chapter 4.3. The 
difference between incidence of skin conditions at baseline in the milk and yoghurt group 
is similar to differences observed by other authors who reported highly varying incidence 
rates of tinea capitis between schools in the same locality [25]. Differences in baseline 
values between study arms are common in non-randomized studies, but compromise the 
robustness. The decreasing incidence of skin infections in the yoghurt group relative to the 
milk group during the intervention (fig 2b) suggests a positive effect of the consumption 
of probiotic yoghurt and corresponds to observations made during a previous pilot study 
we conducted in Uganda among 245 children, as described in chapter 3.  With regard to 
atopic dermatitis, from a review of 13 studies on the incidence of this skin disease among 
children <3 years of age we would conclude that there is a preventive as well as reducing 
effect of L. rhamnosus GG [39]. Also, other studies showed that L. rhamnosus GG was able 
to greatly reduce eczema and allergic reactions [16, 40, 41]. However, in the current study 
the overall incidence of atopic dermatitis and eczema was too low, and there may have 
been too many distorting factors due to the non-randomized study design, in order to draw 
conclusions about these specific conditions. Notwithstanding the positive results observed 
for the probiotic yoghurt group vs. the milk group, we would like to refrain from making 
definitive conclusions, and instead propose follow-up studies with an adjusted study 
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design. Especially, the differences at baseline, the increase of infection at the start of the 
intervention in both groups, as well as a number of uncontrollable factors, including 
differences in individual diet, behaviour and social-economic situation of the participating 
children and their families, makes us recommend to conduct follow-up studies over a 
longer period of time, in a more uniform background situation, and with additional controls 
such as a study group without yogurt or milk. 

Common cold 

The increase of common cold during the baseline in both control and intervention 
group is possibly again explained by its infectious nature, as further explained in chapter 
4.3. Also, from other studies we know that the risk ratio is 1.9 of contracting common cold 
for a young child attending day-care, compared to a child kept at home [42]. 

The slight decreasing incidence of common cold in the yoghurt group relative to 
the milk group during the intervention (fig. 3b.) suggests the possibility of a small positive 
effect of the consumption of probiotics. These findings are in agreement with previous 
studies and meta-analysis showing that L. rhamnosus GG reduced different types of 
respiratory tract infections from different origins significantly, possibly through direct 
antimicrobial effects, improved mucosal barrier function and immunomodulating activity 
[15,20–22,24,43-46], see also table 1. The clearly visible reduction of common cold 
symptoms after the start of the intervention in both the milk and yoghurt groups may be 
explained by seasonal influences or by an immune-boosting effect of consumption of milk 
and yoghurt, e.g. as a result of its nutritional value of micro- and macro nutrients. Previous 
research has shown that milk contains components including fatty acids, lauric acid and 
zinc that have antiviral properties or play a role in immune function [47], as well as bioactive 
peptides [48–50]. As reported above for skin diseases, also for the incidences of common 
cold, we would like to refrain from making definitive conclusions, and we rather propose 
follow-up studies with an adjusted study design.  

Absenteeism 

In Uganda, school fees are paid by the parents every school term, and commonly 
parents wait till the last moment to start collecting these fees. Hence, at the beginning of 
the school term, absenteeism is high. Towards the end of the term, absenteeism again 
increases, as children leave school early for holidays. Hence, these weeks were excluded for 
analysis of the average absenteeism, as well as from the analysis of common cold and skin 
diseases. The minor decrease in absenteeism observed during the study for both groups, is 
likely to be caused by the school feeding programs themselves, as described in the results 
section. 

Anthropometric indicators 

The anthropometric indicator WAZ slightly decreases during the study. As a result, 
in both groups we also observe during the entire study period a reduction in BAZ value. 
We hence hypothesize that children eat less and/or use more energy when they are at 
school compared to when they are at home during the holidays. This observation illustrates 
the relevance of school feeding programs with preferably higher quantities of food than 
the 100 ml of daily milk or yoghurt servings provided in the present study. 
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A study with school milk in Iran did not find significant changes in anthropometric 
indicators for boys after 3 months of intervention [51]. Only one study in New Guinea 
found much larger growth in children supplemented with milk compared to the control 
group.  However, the sample size in this study was extremely small [52]. A two-year school 
feeding study in Kenya found improved growth only in children <6 years of age, and in 
stunted children.  

A retrospective cohort study found a correlation between higher milk consumption 
and higher values for BMI and height for 4-year old children [53]. Similarly, a retrospective 
cohort study of 12,376 children in South East Asia found significant lower levels of 
stunting, underweight, vitamin A and vitamin D deficiency for children who would 
consume dairy on daily basis, compared to those who did not consume dairy [54].  

From earlier research with L. rhamnosus GG it is known that this strain can improve 
feeding tolerance and nutrient absorption (increased proliferation of villus cells) [55,56] 
and could contribute to increased weight gain in children. Moreover, L. rhamnosus GG has 
shown to bind Aflatoxin B1, thereby reducing its absorption in the intestine, hence 
reducing aflatoxin associated pathogenicity including stunting [57-60]. In view of the 
observations made in our study, we hypothesize that a measurable positive effect as a result 
of milk and probiotic yoghurt consumption is likely to be found after a longer time period 
of consistent daily consumption of milk or yoghurt. Since the present study did not include 
a control group which consumes not any dairy product, we can only compare the impact 
of milk vs. probiotic yoghurt. 

Implications 

In this study, we compared the consumption of probiotic yoghurt with the 
consumption of plain milk in a real-life school setting. This means that besides the milk 
and the yoghurt the children also consumed their regular maize and beans dominated diet, 
as well as occasional consumption of dairy products and fermented foods. Since in 
Southwestern Uganda the majority of the schools do not serve any dairy product, and a 
majority of children suffer from malnutrition in general, we think it would also be useful 
to conduct a study comparing not only the effects of probiotic yoghurt vs. milk, but also 
vs. a study arm that does not receive any dairy product. In such a study set up we should 
be able to identify the cumulative benefits of both the nutritious components of dairy, the 
bioactives produced during fermentation, as well as probiotic bacteria.  

It should be noted that the probiotic yoghurt used in this study and the probiotic 
yoghurt school feeding program did not only contain the probiotic L. rhamnosus yoba 2012, 
but also high concentrations of the adjuvant culture S. thermophilus C106. As a consequence, 
we cannot exclude for all observed effects that there was a synergistic, or potentially 
antagonistic, effect of this other strain.      

Referring to the 20,000 children that already participate in the probiotic yoghurt 
school feeding program, we can conclude that consumption of locally produced probiotic 
yoghurt among pre-primary school children in Southwestern Uganda has gained broad 
acceptance and adoptation. The program that was started in 2018 is growing and gaining 
further popularity among school management committees, parents, pupils and producers 
in this region. It clearly provides economic opportunities through employment creation for 
producers, a market for milk of local farmers, and value addition to local products (Chapter 
3). In addition, schools that participate in the program testify to have become more 



142 
 

attractive for pupils and parents compared to schools which do not offer such nutritious 
and tasty product to their pupils.  
 

Conclusion 

In this real-life 12 week nutritional intervention at pre-primary schools in Western 
Uganda, we evaluated the effect of the consumption of probiotic yoghurt versus milk on 
the incidence of skin infections, common cold, absenteeism and anthropometric 
parameters among 1116 children. Following a base line measurement period, the pre-
primary school children received probiotic yoghurt or milk for a period of 8 weeks. A trend 
in the relative decrease over time was observed for the incidences of common cold per day 
of intervention compared to the control group (p = 0.09) as well as a significant reduction 
in the incidence of skin symptoms (p < 0.0001). School attendance slightly increased in 
both yoghurt and milk groups compared to baseline. No differences between the study 
groups were observed for anthropometric parameters within the entire study period.  

Since this study was done in a real-life setting, with multiple uncontrolled external 
factors, effects of confounding factors cannot be excluded. In addition, heterogeneity 
between control and intervention group was observed during the three weeks baseline 
period. Furthermore, we have noticed a strong degree of cross-infection for skin symptoms 
and common cold from the start of the study and during part of the intervention period 
leading to fluctuations in these disease incidences. Consequently, before drawing definitive 
conclusions on the health impact of probiotic yoghurt consumption through school 
feeding programs, follow-up studies are required over a longer period of time, with 
additional controls and a more uniform background situation for probiotic yoghurt and 
milk control groups.   

 

Methods 

Subjects and design 

The study followed a controlled interrupted time series design, carried out over a 
period of 12 weeks, and included 1116 children aged 3-6 years. The study compared 
children consuming 100 ml of milk with children consuming 100 ml of probiotic yoghurt 
containing Lactobacillus rhamnosus yoba 2012 and Streptococcus thermophilus C106 per day for 5 
days per week during 3 weeks of baseline and 9 weeks of intervention. Five schools 
participated in the milk group (171, 74, 132, 85 and 70 children respectively, total n=532) 
and five participated in the yoghurt group (77, 177, 139, 76 and 115 children respectively, 
total n=584). Selection of schools was based on the school accepting the school yoghurt 
or the school milk program as promoted by SNV and the Yoba for Life Foundation, which 
implied that the parents agreed to pay for the milk or yoghurt consumption of their 
children, not only for the duration of the study, but as an ongoing practice. This selection 
criterion ensured that children will enjoy in a sustainable manner the long-term benefits 
from yoghurt or milk consumption. Before participation in the study, written consent was 
obtained from parents or caregivers of all participating children. The study was approved 
by MUST Research Ethics Committee (Mbarara, Uganda), study reference 01/09-18. 
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Intake of dairy products 

The milk was delivered in raw form to the schools and was boiled at the school 
premises as a component of maize porridge, after which it was consumed in the form of a 
hot beverage. The yoghurt for the five intervention schools was produced by five local 
producers (Nunu probiotic yoghurt, Mbarara; Tiana Foods, Mbarara; Blessed Choice, 
Ntungamo; Rwembogo, Isingiro; K-yoba, Sheema) according to the protocol as described 
by Westerik et al. (Chapter 2.2). The yoghurt was made using a starter culture containing 
Lactobacillus rhamnosus yoba 2012 and Streptococcus thermophilus C106 (Chapter 2.1) and 
contained 5% (w/v) sugar and 0.1% (w/v) artificial flavour (strawberry or vanilla). The 
yoghurt was packed in small, specifically designed polythene bags of 100 ml, as is a 
common practice in Uganda, and delivered at the schools at daily basis at the agreed-upon 
delivery time. The drinking yoghurt is consumed with a straw. Waste bins are provided to 
the schools for plastic waste.  

Parent questionnaires 

Three times during the study, in week 1&2, 5&6 and 11&12 (figure 4) a 
questionnaire was conducted among the parents of the participating children. The 
objectives of this questionnaire were to collect data about 1) the socio-demographic 
characteristics of the children that might affect the study outcomes, 2) the diet of the child, 
specifically with regards to the intake of dairy products and fermented foods, 3) the health 
status of the child for crosschecking and complementing the data that was collected by the 
nurse (see below). 

Dietary information was collected and quantified using the Dietary Diversity Score 
(DDS) tool. This standard tool for nutritional surveys has been developed by Swindale and 
Bilinsky [61] to assess the variety of foods that a household accesses and consumes on an 
average day. Food diversity is scored between 0-12, based on a recall of food eaten in the 
last 24 hours from a maximum of 12 different food groups.  

 
Figure 4: Timeline indicating the points of different data collected during the study. Dotted area = baseline. Diagonal striped 
area = intervention. 

Absenteeism 

Teachers in every school kept track of child absenteeism with the help of specifically 
designed attendance lists that were handed to them. 

Incidence of diseases (common cold and skin conditions) 

Five nurses were engaged to visit the schools 5 days per week to monitor the 
incidence of diseases and conditions among the children (figure 1). The nurses observed 
every child individually, thereby focusing on detecting signs of common cold (cough, runny 
nose, blocked nose, sore throat, fever, headache, malaise, loss of appetite) and skin 
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conditions (any type of irregularity, wound or rash on the skin).  Any other disease that 
would be detected through observation and subsequent interaction with the child, 
including malaria, ear infections, throat infections, pneumonia, bronchitis and diarrhoea, 
would also be recorded. The nurses were requested to inquire with the class teachers 
whether there were any diseases with symptoms that are difficult to observe that the teacher 
might know of (diarrhoea, skin conditions on covered body parts or any of the above-
mentioned conditions). In case of absenteeism, the teacher was asked to try to reach the 
parent of the absent child by phone, to inquire whether there was any illness that caused 
the child to be absent, which was subsequently recorded by the nurse. The nurses were 
equipped with tablets that contained a software application (app) (Kenga Mobile, OMNI-
Tech Ltd, 2018) as developed for this study2, which guided them to record the incidence 
of diseases for each individual child, including a specific description of the disease (see 
Addendum III). For skin diseases, the exact type of skin disease and the part of body that 
was affected was specified, and a picture of the affected body part was taken as part of the 
app questionnaire. For the common cold, the exact symptoms were specified. Every day 
that the disease or condition persisted, a report was created in the app. No therapeutic 
actions were taken by the nurses. 

Anthropometric indicators  

At the beginning of the term and subsequently after every four weeks 
anthropometric measurements were taken from the children. In total four times 
anthropometric were taken during the study (figure 4), including weight, as measured on a 
digital weighing scale (Casa CEGS01, South Africa) and height as measured with a height 
rod with stand (Fazzini S225, Italy). All equipment was calibrated, and the nurses were 
collectively trained on its use and subsequently individually coached and monitored during 
their activities. Training of the nurses was performed according to the WHO guidelines for 
standardized measurement procedures [62]. 

Data collection and analysis 

All data was collected through a specifically designed mobile software application 
(Kenga Mobile, OMNI-Tech Ltd) from where it was uploaded onto a protected online 
platform to which only the researchers had access. All children were registered in the app. 
The app contained three different ‘forms’ (see Addendum III), which could always be 
linked to each child: 1. a form for parent questionnaires, 2. a form for reporting incidences 
of diseases, and 3. a form to report anthropometric measures. From the online data 
collection platform, data was exported to Excel for analysis. In the first and the last week 
of the study, data was not collected at every school, and besides, many children were absent. 
Therefore, these weeks were excluded from the analysis of skin diseases and common cold. 

Analysis of skin conditions 

It was noted that reports of skin conditions were irregular. A certain condition could 
be reported for example on day 1, 3, 4, 6, 10 and 11. For analysis, it was assumed that gaps 
smaller than 10 days represented an ongoing episode of skin disease. If there was a gap 
greater than 10 days, we assumed it concerned two different episodes.  

 
2 Downloadable from Google Play Store. Contact pwakholi@omnitech.co.ug to obtain user rights. 

mailto:pwakholi@omnitech.co.ug
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Analysis of common cold 

 The data of the common cold was lacking for some days at some specific schools, 
resulting from a nurse not attending a certain school at a certain day. Taking the average 
incidence of common cold of the remaining schools on such days produced a distorted 
picture, as some schools had a consistently higher levels of the common cold than others. 
Hence, gaps in data for every individual school were closed by linear interpolation of the 
incidence of common cold on days adjacent to the gap prior to calculating the average 
incidence of common cold in either the intervention or the control group. 85% of the data 
was available, while the remaining 15% was based on interpolation.  

Controlled interrupted time series analysis 

For analysis of the incidence of common cold, skin diseases and absenteeism, the 
percentage of the total study group that was sick, was considered as the unit of analysis. 
Propensity score weighing was used to correct for differences in baseline characteristics of 
the children. Propensity scores were calculated based on socio-demographic characteristics 
as obtained through the parents’ interviews at baseline. Weighing was done based on both 
the standardized mortality ratio weighted (SMR) and inverse-probability-of-treatment 
weighted (IPTW) method as described by Kurth et al. [34], and results were compared. 
Analysis based on SMR is presented in this paper. The incidence of common cold, skin 
diseases and absenteeism were treated as individual controlled interrupted time series, and 
analysed according to the segmented regression methods as described by Wagner et al. [64] 
and Linden and Adams [65]. Model fitted trendlines where obtained through subsequent 
steps of 1) three median smoothing (datapoint replaced by median of the data point, the 
preceding datapoint and the following datapoint), 2) hanning (0.25*previous data point + 
0.5*data point + 0.25*following data point) and finally 3) skip mean (average of the 
previous and the following data point). All hypothesis tests used a significance level (α) of 
0.05. All analyses were done using Microsoft Excel 2019 (Microsoft Office Excel). 
 

Analysis of anthropometrics  

Anthropometric records were imported to software provided by the Word Health 
Organization (WHO Anthro version 3.2.2 and WHO AnthroPlus version 1.0.4) for further 
analysis [66,67]. In this software, measures of weight and height are assessed in reference 
to the WHO standard growth curves, and are expressed as Z-scores, which are the number 
of standard deviations away from the standard value as obtained from the standard growth 
curves [68,69]. 
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Addendum I: Common cold symptom 

Data collection and analysis 

Within the reports of common cold, the two most ocurring symptoms of the 
condition could be specified: rhinitis (running nose) and a cough. The occurrence of these 
specific symptoms was analysed.  

All data that was collected during the study by the nurses is presented in figures S1A 
– S1F.  

 
 

 
Figure S1A Absolute incidence of rhinitis per school in the control arm 

 
Figure S1B Absolute incidence of rhinitis per school in the intervention arm 
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Figure S1C Absolute incidence of rhinitis per study arm 

 
Figure S1D Absolute incidence of cough per school in the control arm 

 
Figure S1E Absolute incidence of cough per school in the intervention arm 
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Figure S1F Absolute incidence of cough per intervention arm 

Rhinitis 

 
Figure S2A: The actual and model-fitted incidence of rhinitis in the intervention (yoghurt, n=584) group and control (milk, 

n=532) group between day 7 and day 73, expressed as a percentage of the total children under observation. Δ = datapoints 

intervention group; solid line = trend intervention group; ● Data points control group; dotted line = trend control group. The 

vertical dotted line indicates the transition from baseline to intervention period.  
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Figure S2B: The actual and model-fitted difference and the 95% confidence intervals in the relative incidence of rhinitis in 

the intervention group over the control group 

The incidence of rhinitis shows a trend very similar to the trend of the general 
incidence of common cold (figure 3A). The difference and the 95% confidence intervals 
in the relative incidence of rhinitis in the intervention group over the control group is 
shown in Figure S2B. Linear regression is used to analyse trends, see addendum II.  

During the intervention there is a non-significant decrease (P-value for intervention 
trend = 0.684) in the number of children suffering from rhinitis compared to the control 
group. However, due to the initial higher incidence of rhinitis in the yoghurt group, there 
is a final non-significant relative risk (RR) of 1.1 (CI: 0.67 – 1.8) for the incidence of rhinitis 
after 8 weeks of probiotic yoghurt consumption. 

Cough

 
Figure S3A: The actual and model-fitted incidence of cough in the intervention (yoghurt, n=584) group and control (milk, 

n=532) group between day 7 and day 73, expressed as a percentage of the total children under observation. Δ = datapoints 

intervention group; dotted line = trend intervention group; ● Data points control group; solid line = trend control group. The 

vertical dotted line indicates the transition from baseline to intervention period.  
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Figure S3B: The actual and model-fitted difference and the 95% confidence intervals in the relative incidence of cough in the 

intervention group over the control group 

The incidence of cough decreases for both study groups in the intervention period 
as compared to the baseline period. However, this decrease is much stronger for the 
yoghurt group. The difference and the 95% confidence intervals in the relative incidence 
of cough in the intervention group over the control group is shown in Figure S3B. Linear 
regression is used to analyse trends, see addendum II.  

There is a steep and instant drop in the incidence of cough at the transition from 
baseline to intervention for the intervention (yoghurt) group. However, this effect is caused 
by one specific school (Blue Sight), as can be seen from figure S1E, and is not 
representative of the data collected in the other four schools in the intervention group. 
During the intervention there is now a non-significant increase (P-value for intervention 
trend = 0.126) in the number of children suffering from cough compared to the control 
group. The final RR of 0.66 (CI: 0.15 – 0.77) is significant for the incidence of cough after 
8 weeks of probiotic yoghurt consumption. 
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Addendum II: Parameter estimates, standard errors 

and P-values from performed regressions 

  Coefficient 
Standard 
Error t-statistic P-value 

Common 
cold 

Intercept 26 15 1.8 0.088 

X Variable -0.00059 0.00034 -1.8 0.088 

Rhinitis  Intercept 0.017 0.020 0.85 0.40 

X Variable -0.00017 0.00040 -0.41 0.68 

Cough Intercept -0.045 0.0084 -5.4 5.6E-06 

X Variable 0.00027 0.00017 1.6 0.13 

Skin Intercept 78 11 7.3 1.2E-08 

X Variable -0.0018 0.00025 -7.3 1.2E-08 
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Addendum III: Content of  mobile application forms 

Form 1: Incidence of diseases form 

1. Name of child (from drop-down list) 

2. Date 

3. Disease 

a. Common cold 

i. Mild cough 

ii. Severe cough 

iii. Severe runny nose 

iv. Mild runny nose 

v. Blocked nose 

vi. Severe sore throat 

vii. Mild sore throat 

viii. Fever 

ix. Headache 

x. Malaise 

xi. Loss of appetite 

b. Throat infection 

i. Sore throat 

ii. Fever 

iii. Red and swollen tonsils 

iv. White patches or streaks of pus on tonsils 

v. Tine red spots on the area at the back of the roof of the mouth 

vi. Headache 

vii. Nausea 

viii. Vomiting 

ix. Swollen lymph nodes in the neck 

x. Body aches 

xi. Body rash 

c. Pneumonia 

i. Mild cough 

ii. Severe cough 

iii. Fever 

iv. Fast breathing 

v. Chest moves in or retracts during inhalation 

d. Bronchitis 

i. A history of productive cough (producing mucus) on most days for 

at least 3 months 

e. Ear Infection 

i. Collection of fluid in the ear 

ii. Mild hearing loss 

iii. Severe hearing loss 
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f. Skin disease 

i. Specify 

1. Pyoderma/Bacterial Skin infection 

a. Impetigo 

b. Ecthyma 

c. Impetigo contagiosa 

d. Furuncle 

e. Carbuncle 

f. Tropical ulcer 

g. Folliculitis 

h. Others - Specify 

i. Unknown 

2. Scabies 

3. Ectoparasitoses 

4. Tinea Capitis 

5. Superficial mycoses 

6. Benign viral tumours 

7. Dermatitis 

8. Unknown 

ii. Extend of the coverage 

1. One part of the body 

2. Several body parts affected 

3. Full body affected 

iii. Severity of the skin rash 

1. Mild 

2. Moderate 

3. Severe 

iv. Take a picture 

g. Diarrhoea 

i. Passage of 3 loose stools per day 

ii. Passage of 4 or more loose stools per day 

h. Malaria 

i. Fever 

ii. Headache 

iii. Chills 

iv. Pains in the joints 

i. Others – Specify 

4. Does the child take medicine? 

a. Antibiotics – Specify 

b. Painkillers - Specify 

c. Other – Specify 

Form II: Parent Interview Form 

1. Interview period 
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a. Beginning of term 

b. Mid-term 

c. End of Term 

2. Date 

3. Name of parent 

4. Contact of parent 

5. Sex of household head 

a. Female 

b. Male 

6. Age of household head 

7. Number of people in household in the different categories 

a. Females < 5 years  

b. Males < 5 years  

c. Females 6 – 13 years 

d. Males 6-13 years 

e. Females 14 – 59 years 

f. Males 14 – 59 years 

g. Females > 60 years 

h. Males > 60 years 

8. Level of education of household head 

a. No formal education 

b. Primary 

c. Secondary 

d. Tertiary 

9. Does your house have a toilet facility? 

a. Yes 

b. No 

10. Source of drinking water 

a. Protected well or spring 

b. Borehole 

c. Open spring or well 

d. Surface water 

e. Rain Water 

f. Piped water 

11. Water treatment for drinking water 

a. Boil 

b. Add bleach or chlorine 

c. Strain with cloth 

d. Let it stand and settle 

e. Other 

12. Name of child (from drop-down list) 

13. HIV status of child 

a. Positive 

b. Negative 
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c. Non-disclosed 

14. Does the child have allergy or asthma? 

a. Yes 

i. Lactose intolerance 

ii. Asthma 

iii. Cold weather 

iv. Itching eyes 

v. Skin problem 

vi. Others - Specify 

b. No 

15. Diseases the child has suffered from in the last month / since the last interview 

a. Ear infection 

b. Throat infection 

c. Common cold 

d. Pneumonia 

e. Bronchitis 

f. Diarrhoea 

g. Skin infections 

h. Malaria 

i. Others 

j. Unknown 

k. None 

16. Has your child missed school due to sickness in the last month / since the last 

interview?  

a. Yes 

b. No 

17. Did your child use medication in the last month / since the last interview? 

a. Yes 

i. Antibiotics 

1. Septrin 

2. Amoxicillin 

3. Erythromycin 

4. Metronidazole 

5. Ampiclox 

6. Azithromycin 

7. Tetracycline 

8. Ceftriaxone 

9. Seomycin/cyclocerine 

10. Ciprofloxacin 

11. Others - specify 

ii. Painkillers 

1. Panadol / Paracetamol 

2. Aspirin 

3. Ibuprofen 
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4. Diclofenac 

5. Others - Specify 

iii. Malaria medicine 

iv. Eye drops 

v. Herbal medicine 

vi. Cough syrup 

vii. Skin ointment 

viii. Cough or flue tablets 

ix. Piriton or allergy tablets 

x. Other - Specify 

b. No 

18. How long ago did you last de-worm your child? 

a. Less than 3 months ago 

b. More than 3 months ago 

Question 12 to 18 are repeated if the parent has more children 
19.  

 Estimated consumption frequency per week Eaten in the 
past 24 
hours?  

 Once per 
week 

Twice 
per week 

Daily Less than 
once per 
week 

Cereals and grains      

Fermented cereals and grains      

Roots and tubers      

Pulses and nuts      

Vegetables      

Fruits      

Meat      

Fish      

Eggs      

Milk and other dairy products      

Fermented milk      

Oil/fat/butter      

Sugar or sweets      

Condiments or spices      
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Chapter 4.3 

 
A randomized double-blind placebo-controlled 
nutritional trial on health outcomes of a probiotic 
yoghurt intervention among school children from 
three to six years of age in Southwest Uganda 

Abstract 

Objective: Children in South West Uganda have a high incidence of common childhood 
diseases.  The aim of this study is to investigate the effect of the consumption of locally 
produced probiotic yoghurt containing Lactobacillus rhamnosus yoba 2012 versus a control in 
the form of a non-fermented dairy product in pre-primary schoolchildren on the incidence 
of respiratory tract infections (common cold).    
Design: A randomized double-blind placebo-controlled interrupted time series study 
including three weeks of baseline and nine weeks of intervention. 
Setting: A pre-primary school in South West Uganda 
Participants: 195 children aged three to six years old: 100 in the intervention group and 
95 in the control group. 
Intervention: Probiotic yoghurt with Lactobacillus rhamnosus yoba 2012 and a non-
fermented dairy product (custard) as a control. Daily consumption from Monday to Friday 
was 125 ml in both groups.  
Main outcome measures:  Incidence of respiratory tract symptoms (common cold), skin 
infection symptoms (folliculitis and tinea capitis), diarrhoea, changes in anthropometric 
indicators and level of absenteeism.   
Results: Over the course of the intervention period the incidence rate for respiratory tract 
symptoms (common cold) decreased faster in the yoghurt group than in the milk group (p 
= 0.003). At the end of the intervention, the overall respiratory tract symptom incidences of 
the yoghurt group reached a similar level as in the milk group (RR of 1.0; 95% CI: 0.71 – 
1.4), while a trend was observed for cough symptoms (RR of 0.82; 95% CI: 0.48 – 1.4). 
The incidence rate of skin infection-related symptoms reduced slightly faster in the yoghurt 
group compared to the milk group (p = 0.3) resulting in a similar level at the end of the 
intervention period (RR of 1.0; 95% CI: 0.87 – 1.2). The incidences of diarrhoea could not 
be measured and are omitted from the study. Anthropometric indicators and level of 
absenteeism did not show significant differences between intervention and control.   
Conclusions: Consumption of probiotic yoghurt may contribute to a relative decrease 
over time in the incidence of common cold symptoms. As the measured incidences of 
respiratory tract infections and skin diseases in this study differed between both study 
groups at baseline and fluctuated during the study period as a result of cross-infection, an 
improved study design is required to draw definitive conclusions. 
Study registration: ClinicalTrials.gov NCT04144491 
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Keywords: Lactobacillus rhamnosus yoba 2012, yoghurt, milk, respiratory tract 
infection, common cold, diarrhoea, tinea capitis, pre-primary institutions, probiotics 

Introduction 

Chapter 4.2 describes a study with 1116 subjects 3-6 years old in Southwest Uganda 
attending 10 different schools consuming either probiotic yoghurt or milk. The indicative 
findings of this study suggest positive effects of the consumption of probiotic yoghurt 
containing Lactobacillus rhamnosus yoba 2012 and Streptococcus thermophilus C106 on the 
incidence of skin diseases (folliculitis and tinea capitis) and common cold. The limitations 
of this previous study prompted the need for a follow-up study which would be double-
blind and placebo-controlled. Such a study was conducted among 195 children aged three 
to six years in one school in Southwest Uganda. During the study execution all children 
were randomized and mixed together in a classroom (4 classes in total). For a summary on 
improvement measures taken in the present study vs. the study described in 4.2, see table 
1. 

 
Table 1. Main improvement measures of the present study based on the limitations identified for the study described in 4.2. 

Limitations of study as described in chapter 4.2 Mitigation actions 

• Non-randomized (schools choose to 
either consume probiotic yoghurt or milk 
as entire school) 

• Randomized (placebo and control product 
randomly assigned to children within one 
school and class room) 

• Non-blinded • Blinded (placebo product looked similar and 
was packed in the same way as the 
intervention product. The exact content of 
the two products was not revealed to 
children, nurses and investigators).  

• Some schools rushed nurses to finish their 
work 

• Nurses were allowed to take the time they 
needed 

• One nurse assessed children alone • A team of two nurses assessed children 
together 

• Nurses were present at 82% of the school 
days 

• Nurses were present at 100% of the school 
days 

• Some nurses did not work as meticulously 
as required 

• Only the nurses that delivered good work in 
the first study, where recruited to work for 
the current study 

• Only observational data was gathered • Besides observational data, stool, urine and 
saliva samples were collected 

 
The same parameters as in the first study (incidence of skin diseases and common 

cold) were measured in a similar manner. In addition, stool, urine and saliva samples were 
collected from all children at baseline and end line. The analyses of these samples are 
pending and are therefore not included in this chapter. Methods of sample collection are 
described in Addendum I. Furthermore, parents were called every week and questioned 
about the incidence of diarrhea of their child in the past week. The current chapter builds 
on the same sources of information and literature as discussed in chapter 4.2.  
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Results 

Socio-demographic characteristics 

Socio-demographic characteristics of the children in the intervention and control 
group are summarized in table 2. The table shows that the intervention and the control 
group have very similar characteristics.   

Dietary indicators 

Dietary diversity scores (DDS) at baseline, midline and end line for the intervention 
and control group are presented in table 3. This table shows that the DDS are fairly similar 
between the intervention and control group, with insignificant differences (P-values greater 
than 0.05). At an average day before the study started, 32% of the children in the 
intervention group and 46% of the children in the control group consumed milk products 
(table 2). The increased consumption of milk products during the intervention explains the 
slight increase of DDS in midline and end line as compared to baseline. 

At household level, on an average day during the study, 16% of the children in the 
intervention group and 14% of the children in the control group consumed a fermented 
cereal porridge called bushera [1]. None of the children consumed fermented milk products 
at household level. 

 
Table 2 Household characteristics of the intervention (yoghurt, n=100) group and control (milk, n=95) group, collected during 
the baseline questionnaire administered among the parents of the children.  

Category Sub-category Milk Yoghurt 

Gender study subject Male 47% 50% 

 Female 53% 50% 

Average age study subject 4.82 4.91 

Gender household 
head 

Male headed household 84% 83% 

Female headed household 15% 16% 

Average age household head 37.3 37.1 

Composition of 
household* 

People in household 10.0 8.9 

Females below 5 years (<5years). 1.8 1.6 

Males below 5 years (<5years) 1.8 1.6 

Females aged 6 to 13 years (6-13 years) 1.7 1.5 

 Males aged 6 to 13 years (6-13 years) 1.6 1.6 

 Females aged 14 to 59 years (14-59 years) 1.5 1.3 

 Males aged 14 to 59 years (14-59 years) 1.2 1.1 

 Females aged 60+ years (60+ years) 0.2 0.3  
Males aged 60+ years (60+ years) 0.2 0.1 

 Education level 
household head 

No formal education 9% 7% 

Primary 26% 38% 

Secondary 39% 33% 

Tertiary 24% 21% 

 Toilet facility Toilet 97% 96% 

 No toilet 2% 3% 
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Source of water Protected well or spring 26% 19% 

 Borehole 5% 4% 

 Open spring or well 16% 23% 

 Surface water 2% 1% 

 Rain water 2% 1%  
Piped water 47% 51% 

Prepare drinking water Boil water 87% 85% 

Let it stand and settle 1% 5% 

Purified 11% 9% 
 
Table 3: Dietary Diversity Score of the intervention (yoghurt, n=78, 97, 97 for baseline, midline and end line) and control 
(milk, n=71, 92, 91 for baseline, midline and end line) group at the baseline, midline and end line questionnaire round 
according to the method developed by Swindale and Bilinsky [2] 

 Milk Yoghurt 

Baseline 5.2 4.9 

Midline 5.5 5.5 

End line 5.7 5.4 

Skin disease 

During the 11 weeks of the study, 96% of the children in the intervention group 
and 99% of the children in the control group were found to have a pathological skin 
condition at some point in time. This is a much higher incidence compared to what was 
found in the study as described in chapter 4.2. The most common skin conditions were 
skin conditions on the scalp, namely tinea capitis (fungal infection) and folliculitis (bacterial 
infection of hair follicles). Commonly the children suffered from a combination of both 
conditions. These two scalp conditions together accounted for 97% of all the reported skin 
conditions.  

Our data also indicates an enormous increase in the incidence of skin diseases from 
the beginning of the school term (baseline period), until 2 weeks into the intervention, 
most likely as a result of cross-infection. For example, at the start of the study, 18 children 
in the intervention group and 16 children in the control group where found to have a skin 
disease. In the 5th week of the study (2nd week of the intervention), the numbers had 
increased to 69 children in the intervention group and 68 children in the control group.  

During the 2.5 weeks of baseline prior to the intervention, the incidence of skin 
conditions was found to be slightly higher in the intervention group compared to the 
control group, with averages of 30% and 24%, respectively (P-value of 0.19, figure 1A).  
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Figure 1A: The actual and model-fitted (see methods section) incidence of skin diseases of any type in the intervention 

(yoghurt, n=100) group and control (milk, n=95) group between day 3 and day 78, expressed as a percentage of the total 

children under observation. Δ = datapoints intervention group; solid line = trend intervention group; ● Data points control 

group; dotted line = trend control group. The vertical dotted line indicates the transition from baseline to intervention period. 

 

 

Figure1B: The actual and model-fitted difference and the 95% confidence intervals in the relative incidence of skin diseases 

in the intervention group over the control group 

 
The difference and the 95% confidence intervals in the relative incidence of skin 

conditions in the intervention group over the control group are shown in Figure 1B. Linear 
regression is used to analyse trends, see addendum III. The corresponding trend line shows 
a minor relative advantage for the yoghurt group (P-value is 0.29). However, the 
corresponding final relative risk ratio (RR) of 1.0 (95% CI: 0.87 – 1.2) does not show any 
difference by the end of the intervention between the two groups.  

Further data evaluation was done by splitting the measurement points into 3 
segments of 13 measurement points (representing approximately 13 weekdays each). Table 
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4 shows the average number of sick days per child out of these 13 days. Overall, the 
infection rate increases continuedly in both groups over the entire duration of the study, 
but levels off in the last period of the study.  

 

Table 4: Average days of skin disease per child in a segment of 13 days. The corresponding time periods are indicated in 

figure 1A 

 Average sick days per child out of 13 days  Difference Relative difference 

 

Segment 1 
(Datapoint 
1 – 13) 

Segment 2 
(Datapoint 
14 – 26) 

Segment 3 
(Datapoint 
27 – 39) 

 
Segment 
2, 1  

Segment 
3, 2  

Segment 
2, 1  Segment 3, 2  

Control 8.02 8.97 9.18  0.95 0.21 12% 2% (p = 0.62) 

Intervention 8.74 9.09 9.36  0.35 0.27 4% 3% (p = 0.35) 

 

Common cold 

 
Figure 2A: The actual and model-fitted (see methods section) incidence of the common cold in the intervention (yoghurt, 
n=100) group and control (milk, n=95) group between day 3 and day 78, expressed as a percentage of the total children 
under observation. Δ = data points intervention group; solid line = trend intervention group; ● Data points control group; 
dotted line = trend control group. The vertical dotted line indicates the transition from baseline to intervention period.  
 

As observed for skin infections, the incidence of common cold also increased 
during the baseline period immediately after the children got back to school.  This infection 
increase continued during the two subsequent weeks of intervention in both groups. The 
infection rate and the maximum number of children diagnosed with common cold 
symptoms were lower compared to the number of children diagnosed with a form of skin 
disease. Remarkable is a wave-trend at a frequency of once every two weeks, both in the 
intervention and the control group. No explanation for this wave-trend has been found. 
The difference and the 95% confidence intervals in the relative incidence of common cold 
in the intervention group over the control group is shown in Figure 2B. Linear regression 
is used to analyse trends, see addendum III.  
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Figure 2B: The actual and model-fitted difference and the 95% confidence intervals in the relative incidence of common cold 
in the intervention group over the control group.  
 

A higher incidence of common cold in the yoghurt group was observed before the 
intervention started compared to the control group. This shows that the randomization 
that we implemented had not produced two sufficiently equivalent groups. However, 
during the intervention, the incidence of RTI related symptoms in the probiotic yoghurt 
group became similar as in the control group, as can be seen from the trend line (Fig. 2B; 
P-value trend line is 0.003). By the end of the intervention, the infection incidence of the 
yoghurt group reached a similar level as in the milk group (RR of 1.0; 95% CI: 0.71 – 1.4). 

Further data evaluation was done by splitting the measurement points into 3 
segments of 13 measurement points (representing approximately 13 weekdays each). Table 
5 shows the average number of sick days per child out of these 13 days. In the first segment, 
the incidence of common cold was still increasing, presumably as a result of cross-infection. 
This trend is also evident from figure 2A. In the second segment, this increase levelled off, 
and in the third segment, the incidence of common cold decreased with 12% in the 
intervention group compared to 3% the control group.  A similar pattern has been 
observed in our previous intervention study (chapter 4.2). These observations suggest that 
the potential beneficial effect of probiotics may only come a number of weeks after the 
intervention with the probiotic yoghurt had started.  

When looking separately at the specific incidence of the common cold symptoms’ 
rhinitis (running nose) and cough, we found that the incidence of rhinitis showed a trend 
similar to the general incidence of common cold. When analyzing the incidence of cough, 
there was a stronger effect observed in the probiotic yoghurt group  (addendum II): During 
the intervention period the probiotic yoghurt group performed better compared to the 
control group (P-value for trend line = 0.05) resulting in a final RR of 0.82 (CI: 0.48 – 1.4). 
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Table 5: Average days of common cold per child in a segment of 13 days. Note: a negative value means a reduction of the 
observed symptoms. The corresponding time periods are indicated in figure 2A 

 Average sick days per child out of 13 days  Difference Relative difference 

 

Segment 1 
(Datapoint 
1 – 13) 

Segment 2 
(Datapoint 
14 – 26) 

Segment 3 
(Datapoint 
27 – 39) 

 
Segment 
2, 1  

Segment 
3, 2  

Segment 
2, 1  Segment 3, 2  

Control 4.41 5.15 5.01  0.74 -0.14 17% -3% (p = 0.79) 

Intervention 5.28 5.57 4.93  0.29 -0.64 6% -12% (p = 0.23) 

Diarrhoea 

As the measurements of the incidence of diarrhea could not be conducted in a 
reliable way, the results have been omitted from this paper (see discussion section for 
explanation).  

Anthropometric indicators 

Table 6 shows the average age, weight and height as well as the average scores for 
the height-for-age Z-scores (HAZ), weight-for-age z-scores (WAZ) and Body Mass Index-
for-age z scores (BAZ) at baseline and end line of the study for both study groups. A HAZ 
value of ≤-2 indicates stunted growth, a WAZ value of ≤-2 indicates wasting, and a BAZ 
of ≤-2 indicates underweight. As can be seen from table 6, children in both groups have 
on average healthy lengths and weights, with a baseline BAZ slightly above the WHO 
standards. The differences in anthropometric indicators between the baseline and the end 
line values within each group indicated significant drops in WAZ and BAZ, and a 
significant increase in HAZ (table 7). By the end of the study, the results do not show a 
difference in anthropometric parameters between the two groups (P values > 0.4). 
 
Table 6: Average age, weight, height and aanthropometric indicators height-for-age (HAZ), weight-for-age (WAZ) and Body 
Mass Index-for-age (BAZ) at baseline and end line for the intervention (yoghurt, n=92) and control (milk, n=91) group. Only 
children from whom both measurements points were taken and the date of birth was known, were included in this analysis. 
Note: a negative value means a reduction in the respective indicator. 

 Average age 
(months) 

Average 
weight (kg) 

Average 
height (cm) WAZ HAZ BAZ 

Yoghurt       

Baseline 59.0 (± 13.1) 18.0 (± 2.6) 106.9 (± 7.9) -0.05 -0.36 0.25 
End line 61.1 (± 13.1) 18.0 (± 2.6) 108.5 (± 8.0) -0.19 -0.26 -0.06 
Difference 2.1 0.0 1.6 -0.14 0.10 -0.31 

Control       

Baseline 57.3 (± 16.3) 17.9 (± 3.0) 106.7 (± 9.1) -0.04 -0.24 0.18 
End line 59.4 (± 16.3) 17.8 (± 3.0) 108.2 (± 9.0) -0.22 -0.17 -0.17 
Difference 2.1 0.0 1.5 -0.18 0.08 -0.34 

 
Table 7: P-values of inter- and intra-group differences of collected anthropometric parameters during baseline and end line.  

  Yoghurt end line Control baseline 

WAZ Yoghurt baseline < 0.00001 0.92 
 Control end line 0.84 < 0.00001 
HAZ Yoghurt baseline < 0.00001 0.69 
 Control end line 0.60 0.00003 
BAZ Yoghurt baseline < 0.00001 0.55 
 Control end line 0.41 < 0.00001 
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Absenteeism 

Absenteeism as reported by the school teachers during baseline was on average 
0.85% (SD 0.69) and 1.5% (SD 1.1) for the intervention and control group respectively. 
During the intervention, this increased to averages of 7.0% (SD 15) and 7.1% (SD 14) for 
the intervention and control group respectively (P-value = 0.964), see table 8.  

 
Table 8: P-values of inter- and intra- group differences in absenteeism during baseline and end line.  

 Yoghurt end line Control baseline 

Yoghurt baseline 0.14 0.10 
Control end line 0.96 0.14 

 

Discussion 

Strengths of this study 

The study was randomized (probiotic yoghurt and placebo product randomly 
assigned to children within one school and class room) and blinded (placebo product 
looked similar and was packed in the same way as the intervention product. The exact 
content of the two products was not revealed to children, nurses and investigators). A team 
of two nurses assessed children together and the nurses were present at 100% of the school 
days.  

The study was designed as part of an ongoing developmental program that 
introduced milk and yoghurt in schools, as outlined in chapter 4.2. The study aimed to 
minimize distortion of practices at schools in order to study benefits conveyed to children 
in this program, rather than a purely experimental setup which may not be translational to 
real life practice. Consumption of probiotic yoghurt by the children will continue after the 
study. This is an ongoing sustainable practice, as the parents pay for the product.  

Limitations of this study  

Children from the control and intervention group were mixed in one and the same 
school class. Therefore, we speculate that even though the immune system of the 
intervention group could have been strengthened, the infection pressure from an 
environment where half of the children were control group remained continuously present. 
Consequently, a continuous exposure to cross-infection may have attenuated the effect of 
the probiotic yoghurt. Following this assumption, different results may have been obtained 
if all pupils for the intervention group would have been in one class and could potentially 
all together improve their own immune system, which could then faster diminish the 
overall infection pressure. This kind of set-up was implemented in the study described in 
chapter 4.2 where, especially in regards to skin diseases, a much stronger effect of probiotic 
yoghurt intake was observed. Actually, the desired situation of one class where all the 
children take the probiotic yoghurt is daily practice in the probiotic yoghurt program 
implemented in Southwestern Uganda, because children are taking probiotic yoghurt 
collectively at class or even school level.   

Some challenges were encountered during data collection, resulting from the fact 
that the study had to fit into the school programs. The first challenge related to the duration 
of the study, which was limited to the duration of a school term of 12 weeks. In addition, 
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during the first 3 days and the last 4 days of the study it was not possible to collect data, 
because only a small number of children attended school, or because a large number of 
children had already gone home for holidays. Ideally, a longer study period may have been 
able to obtain more conclusive data about the effect of the intervention. Related to this 
challenge, we also note that for both skin diseases as well as common cold, for the study 
described in chapter 4.2 and the current study, there is an increase in the incidence of 
disease in the first 4 to 6 weeks of the school term, presumably as a result of cross-infection. 
Hence, it is recommended to study the effect of probiotic yoghurt after this increasing 
trend has levelled off, starting from week 6 of the school term. However, due to the actual 
school term duration of 11-12 weeks, this will not leave enough weeks within the school 
term for the intervention. Possibly further studies could be conducted in an orphanage or 
any other institution in which children are every day present without long holiday breaks. 

The yoghurt and placebo products were only served during weekdays, and not in 
the weekends. This may cause differentiations between samples that were collected on 
different days of the week (e.g. on Monday the child has not taken any product for the last 
two days, while on Friday the child has taken a product consistently for the past five days). 
In addition, at some point children were send home on Thursday afternoon, and only 
reported back on Wednesday morning, which would cause them to miss consumption of 
the study products for 5 subsequent days. During these days, parents were requested to 
send their child to school only to collect and consume the study products, but only 33% 
of the children showed up on these days.  

To obtain data about the incidence of diarrhoea, parents were supposed to be called 
on a weekly basis. However, obtaining phone numbers of the parents was complicated, as 
they were not known by the school. Hence, in the first calling round, only 72 parents where 
reached, while this increased to 177 parents in the last calling round. 

Inadvertent differences between the two study groups 

The randomization that we implemented did not produce two groups that had the 
same disease incidence at baseline.  This is to be expected, even with randomization:  By 
chance, randomization into two groups will always produce somewhat inequivalent groups.  
This does not cause a problem if the difference before intervention is unrelated to or much 
smaller than the difference during or after intervention.  In our study, the two are related, 
as they are all differences in disease incidence and the differences are almost equal in 
magnitude. There are at least three possible ways in which one can deal with this problem: 
By eliminating all the data from individuals with common cold during the first three weeks 
from the yoghurt group and eliminating the data from the same number of individuals 
without the common cold from the milk group, until the incidence in the two groups is the 
same, and then reanalyze the results using the remaining data.   

A second method reconstructs a yoghurt group and a milk group by drawing from 
the yoghurt individuals and from the milk individuals, respectively, both at random, until a 
total number of 75 is reached for each. Only the data of these 150 remaining pupils are 
used in the subsequent analysis in which one determines the incidence of each group during 
the first three weeks. This whole procedure is then repeated N times, with N a large 
number, leading to N sets of two groups of 75 children belonging to each group. From the 
distribution of incidence difference before the intervention over the sets, a symmetrical 
sub-distribution will be selected.  Next, this sub-distribution will be subjected to analysis 
of incidence during and at the end of the intervention period.  
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Alternatively, the entire study could be repeated starting with the determination of 
the incidence during the first three weeks without intervention.  Next, two groups with 
equal incidence dynamics during these first three weeks are defined and, at random, 
individuals with disease and without disease are exchanged between the two groups. 
Finally, a random decision is made on which group will be subjected to the yoghurt and 
which group to milk intervention. 

Cross-infection 

Both in the study as presented in chapter 4.2 and in the current study, for skin 
diseases and common cold, we observed a clear increase of incidence of disease in the first 
4 – 6 weeks of the school term. We attribute this observation to cross-infection of the 
children after they return to school from approximately 4 weeks of holidays.  Risk ratios 
of 1.5 – 3.0 have been reported for contracting infectious diseases such as common cold 
for children attending day care centres compared to children who are kept at home [3,4,5]. 
This is an important finding that may guide the design of further research on related topics, 
because without taking this into account, this phenomenon distorts results and subsequent 
conclusions on health intervention studies. 

Socio-demographics and diet 

As a result of randomization, the intervention and control group have similar socio-
demographic characteristics. The high level of milk consumption (32% - 46% of the 
children on an average day) and fermented cereal consumption (though not known to be 
probiotic, 14%-16% of the children on an average day) in both groups at baseline and 
during the intervention, may have attenuated the impact of the intervention, as health 
benefits can be expected from the general consumption of fermented foods [11]. However, 
the study aimed to investigate the impact of probiotics on the lives of children in Southwest 
Uganda in their normal condition.  Hence, children were not prohibited or forced to 
change their normal dietary habits.  

Skin conditions 

The incidence of tinea capitis during the study is much higher than reported by 
other authors who conducted studies among African children [12,13,14,15] and as found 
in our previous study described in chapter 4.2. No clear explanation for this exceptional 
high overall incidence of skin diseases has been found. The increase in skin conditions 
during the first 6 weeks of the study is possibly explained by the fact that most of these 
skin conditions are highly transmittable [16], and hence their prevalence increases when 
children come back to school after holidays. This was also observed in our first study 
(chapter 4.2). The current study shows a trend for a significant beneficial effect of the 
intervention with probiotic yoghurt versus placebo dairy product on the incidence of skin 
diseases (P-value = 0.19). 
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Common cold 

The increase of common cold during the baseline in both study and intervention 
group may be explained by its infectious nature as elaborated on in chapter 4.2.  

The decreasing incidence of common cold of the yoghurt group relative to the milk 
group during the intervention (P-value = 0.003) might suggest a positive effect of the 
consumption of probiotics on the incidence of common cold. The fact that the incidences 
are oscillating and not really apart (Fig. 2A) warns against accepting the formal statistical 
significance of 0.3%, in agreement with the findings presented in chapter 4.2.  

In this study we report on common cold in general, but also the incidences of 
specific cough symptoms. When analyzing the incidences of cough and rhinitis separately, 
we observed a higher reduction of cough in the yoghurt group compared to the milk group. 
To our knowledge a stronger effect of probiotics on the specific symptom of cough, 
compared to the effect on rhinitis, has not been reported before. We speculate that the 
mechanism that could explain a stronger effect of probiotics on cough relates to the 
different nature of infection leading to cough or leading to rhinitis.   

Diarrhea 

A large number of studies and meta-analyses have shown that Lactobacillus rhamnosus 
GG is able to reduce rotavirus-induced diarrhea in young children [17-21]. However, in the 
current study data were not obtained through observation by the research team, but 
through reports of the parents as obtained by phone calls, which may not be reliable. 
Secondly, phone number of the parents were not readily available at the school, and had 
to be obtained when meeting the parents, which was at times a difficult and slow process. 
Hence, the number of parents reached by phone increased from n = 72 in the third week 
(first week of measurement) to n = 177 in the last week, as also described in the limitations 
section. Considering these limitations of the data collected in this study, we cannot draw 
any conclusions on the relationship between the intervention and the incidence of diarrhea 
in this study. More conclusive data about the effect of probiotics on diarrhea can be 
obtained in a hospital setting where gastrointestinal symptoms can be scored more 
accurately.   

Anthropometric indicators 

Variations in anthropometric indicators between the intervention and control group 
are insignificant, while there is a significant drop in length and weight indicators between 
baseline and end line for both groups (HAZ, WAZ and BAZ). We found that children 
increase height, but do not equally increase in weight, and thus have reduced body mass 
indices for age, when they are at school compared to when they are at home during the 
holidays. This observation suggests that children either eat less when attending school 
compared to days spent at home, or are spending more energy compared to being at home. 
Several other studies who followed children for a longer period of time, found positive 
effects on anthropometric indicators for milk consumption as well as probiotic 
consumption, as elaborated on in chapter 4.2. However, these studies all used larger 
quantities of dairy products, which might not be affordable in daily practice for the targeted 
population. We reason that our results as well as previous studies underline the general 
importance of school feeding programs with milk and or yoghurt for children living in 
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developing countries in order to increase school attendance and decrease malnutrition and 
under-nutrition. 

Absenteeism 

The current study did not show any positive effect from either probiotic yoghurt 
consumption or the consumption of milk products in general, on school attendance. The 
school at which the study took place already provided school feeding (maize porridge at 
morning break time, and a maize- and beans-based meal at lunch time). School feeding has 
shown to improve school attendance (see chapter 4.2). However, this study did not show 
an additional positive effect on school attendance by offering a small dairy ‘snack’ at a 
school which already provides meals. The increase in absenteeism during the intervention 
period as compared to the baseline period, is explained by the fact that some children were 
send home during the term when they had failed to (fully) pay the school fees for the term. 
They were only allowed to report back to school after paying the required fees. Besides, 
there were two days on which absenteeism was on average 67%, as outlined in the 
limitations section.  

Relatively slow intervention effect 

Both in the study presented in chapter 4.2 as well as in the current study, both for skin 
diseases and common cold, we observed an apparent lag-phase before the beneficial effects 
of probiotics, if any, became evident. All previous studies on the effect of LGG on 
common cold in healthy subjects, report on results of significant reductions of common 
cold after a minimum of 3 months of intervention (literature summarized in chapter 4.2, 
table 1) [5-9]. Unfortunately, in the current study set up it was not possible to supplement 
children with probiotics for 3 months, as children were only followed during a single school 
period of 11 weeks, of which the first 3 weeks were used for baseline data collection. 
Although the exact mechanism is not fully known, L. rhamnosus yoba 2012 has been 
reported to attenuate the incidence of common cold and skin diseases through stimulation 
of the humoral, cellular and non-specific immunity of the host [4,5,10]. Stimulation of 
adaptive immunity is known to take a couple of weeks. The duration of the lag phase of 
stimulation by probiotics is not known, but may be longer and may differ between 
individual subjects.  Consequently, data collected towards the end of the current study 
should be more relevant for assessing the effect of probiotic consumption than data 
collected immediately after the start of the intervention. In line with these thoughts we 
have observed in the studies described in chapter 4.2 and in 4.3 a faster reduction or a 
lower increase of infection rate effect in the probiotic yoghurt group versus the milk group. 

Conclusions 

The incidence of frequently occurring infectious disease incidence was analysed 
between two groups of school children of 3-6 years old at a pre-primary school in South-
West Uganda. A significant difference was found in the reduction of common cold 
symptoms over time of the intervention group relative to the control group (P-value of 
trend line 0.003), and a slight decrease was found in the relative reduction of skin infections 
(P-value of declining trend line 0.3) At baseline the incidence of skin conditions as well as 
common cold were higher in the intervention group. With regard to child growth 
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parameters, we observed no effects of the intervention compared to control. Absenteeism 
was not affected by the intervention.  

Effects of confounding factors cannot be excluded. Heterogeneity between control 
and intervention group was observed during the three weeks baseline period, and 
fluctuation of disease incidences over the intervention period. Before drawing definitive 
conclusions on the health impact of probiotic yoghurt consumption through school 
feeding programs, follow-up studies are required over a longer period of time, with 
additional controls and a more uniform background situation, and physical separation of 
the randomized groups in order to avoid cross-infections. 

Methods 

Subjects and design 

The study followed a controlled interrupted time series design, carried out over a 
period of 12 weeks (first two days and last 4 days data could not be collected), and included 
195 children aged 3-6 years from one school in Sheema District, Southwest Uganda. 
Randomization into two arms was performed with the help of 
www.randomlists.com/team-generator. The study compared children consuming 125 ml 
of a placebo dairy product, with children consuming 125 ml of probiotic yoghurt 
containing Lactobacillus rhamnosus yoba 2012 and Streptococcus thermophilus C106 per day for 5 
days per week during approximately 3 weeks of baseline and 8 weeks of intervention. 
Selection of the school was based on the school accepting the school yoghurt as promoted 
by the Yoba for Life Foundation. As agreed with the school directors and parents, it where 
the parents who paid for the yoghurt consumption of their children, not only for the 
duration of the study, but as an ongoing practice (chapter 4.2). This selection criterion 
ensured that children will enjoy in a sustainable manner the long-term benefits from 
yoghurt consumption. Before participation in the study, written consent was obtained from 
parents or care givers of all participating children. The study was approved by MUST 
Research Ethics Committee (Mbarara, Uganda), study reference 01/09-18. 

Intake of dairy products 

The probiotic yoghurt was produced by a local rural producer (K-Yoba in Sheema 
district) according to the protocol as described by Westerik et al. (Chapter 2.2). The yoghurt 
was made using a starter culture containing Lactobacillus rhamnosus yoba 2012 and Streptococcus 
thermophilus C106 (Chapter 2.1) and contained 5% (w/v) sugar and 0.1% (w/v) artificial 
flavour (strawberry or vanilla). In accordance with the cell count experiments as described 
in Chapter 2.1, the final product is expected to contain approximately 1E+9 CFU L. 
rhamnosus yoba 2012 and 1E+11 CFU S. thermophilus C106 per 125 ml. The placebo product 
can be described as custard made from milk and contained 5% (w/v) sugar, 4% (w/v) 
corn-starch and 0.1% (w/v) artificial flavour (strawberry or vanilla). The products were 
packed in small, specifically designed polythene bags of 125 ml, as is a common practice in 
Uganda, and delivered at the school at daily basis immediately after lunch. The products 
would be delivered in a blue box and a pink box, and both teachers, pupils and researchers 
did not know which colour represented which product. Before consumption of the 
product, children from ‘team pink’ and ‘team blue’ were separated and seated at opposite 
sides of the classroom, in order to prevent sharing of the product with pupils who belonged 

http://www.randomlists.com/team-generator
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in the other group. The products were consumed though a straw. Pupils were encouraged 
to finish the whole package, but in the incidental case they failed to do so, the leftovers 
were discarded. Waste bins were provided to the schools for plastic waste collection.  

Parent questionnaires 

Three times during the study, in week 1, 5 and 10 (figure 4) a questionnaire was 
conducted among the parents of the participating children. The objectives of this 
questionnaire were to collect data about 1) the socio-demographic characteristics of the 
children that might affect the study outcomes, 2) the diet of the child, specifically with 
regards to the intake of dairy products and fermented foods, 3) the health status of the 
child, to crosscheck and supplement the data that was collected by the nurse (see below). 

Dietary information was collected and quantified using the Dietary Diversity Score 
(DDS) tool. This standard tool for nutritional surveys has been developed by Swindale and 
Bilinsky [2] to assess the variety of foods that a household accesses and consumes on an 
average day. Food diversity is scored between 0-12, based on a recall of food eaten in the 
last 24 hours from a maximum of 12 different food groups. The exact content of the 
questionnaire can be found in chapter 4.2, addendum I.   

 
Figure 4: Timeline indicating the points of different data collected during the study. Dotted area = baseline. Diagonal lines = 
intervention. 

Absenteeism 

Teachers in every school kept track of child absenteeism with the help of specifically 
designed attendance lists that were handed to them. These attendance lists were 
subsequently digitalized.  

Incidence of common cold and skin conditions 

Two external nurses and the school nurse were engaged to visit the schools 5 days 
per week to monitor the incidence of diseases and conditions among the children (figure 
4). The nurses observed every single child, thereby focusing on detecting signs of common 
cold (cough, running nose, blocked nose, sore throat, fever, headache, malaise, loss of 
appetite) and skin conditions (any type of irregularity, wound, or rash on the skin).  Any 
other disease that would be detected through observation and subsequent interaction with 
the child, including malaria, ear infections, throat infections, pneumonia, bronchitis and 
diarrhoea, would also be recorded. The nurses were requested to inquire with the class 
teachers whether there were any diseases with symptoms that are difficult to observe that 
the teacher might know of (diarrhoea, skin conditions on covered body parts or any of the 
above-mentioned conditions). The nurses were equipped with tablets that contained a 
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software application (app) (Kenga Mobile, OMNI-Tech Ltd, 2018) as developed for this 
study3, which guided them to record the incidence of diseases for each individual child, 
including a specific description of the disease (see Addendum I of chapter 4.2). For skin 
diseases, the exact type of skin disease and the part of body that was affected was specified, 
and a picture of the affected body part was taken as part of the app questionnaire. For the 
common cold, the exact symptoms were specified. Every day that the disease or condition 
persisted, a report was created in the app. No therapeutic actions were taken by the nurses. 
The exact content of the app can be found in chapter 4.2, addendum I.   

Incidence of diarrhoea 

Parents were called on weekly basis, and asked whether their child had suffered 
from diarrhoea, which was defined as three or more loose stools per day. The incidence of 
diarrhoea was subsequently recorded as a binominal value (yes/no) for every week.  

Anthropometric indicators  

At the beginning and end of the term, anthropometric measurements were taken 
from the children. These included the weight, as measured on a digital weighing scale (Casa 
CEGS01, South Africa) and the height as measured with a height rod with stand (Fazzini 
S225, Italy). All equipment was calibrated, and the nurses were collectively trained on its 
use and subsequently individually coached and monitored during their activities. Training 
of the nurses was performed according to the WHO guidelines for standardized 
measurement procedures [22]. 

Data collection and analysis 

All data was collected through a specifically designed mobile software application 
(Kenga Mobile, OMNI-Tech Ltd) from where it was uploaded onto a protected online 
platform to which only the researchers had access. All children were registered in the app. 
The app contained three different ‘forms’, which would always be linked to a child: a form 
for parent questionnaires, a form for reporting incidences of diseases, and a form to report 
anthropometric measures (see Addendum 1 of chapter 4.2). From the online data 
collection platform, data was exported to Excel for analysis.  

Controlled interrupted time series analysis 

For analysis of the incidence of common cold, skin diseases and diarrhoea, the 
percentage of the total study group was considered as the unit of analysis. The incidence 
of common cold, skin diseases and diarrhoea were treated as individual controlled 
interrupted time series, and analysed according to the segmented regression methods as 
described by Wagner et al. [23] and Linden and Adams [24]. Model fitted trendlines where 
obtained through subsequent steps of 1) three median smoothing (data point replaced by 
median of the data point, the preceding data point and the following data point), 2) hanning 
(0.25*previous data point + 0.5*data point + 0.25*following datapoint) and finally 3) skip 
mean (average of the previous and the following data point). All hypothesis tests used a 
significance level (α) of 0.05. All analyses were done using Microsoft Excel 2019 (Microsoft 
Office Excel). 

 
3 Downloadable from Google Play Store. Contact pwakholi@omnitech.co.ug to obtain user rights. 

mailto:pwakholi@omnitech.co.ug
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Analysis of anthropometrics  

Anthropometric records were imported to software provided by the World Health 
Organization (WHO Anthro version 3.2.2 and WHO AnthroPlus version 1.0.4) for further 
analysis [25,26]. In this software, measures of weight and height are assessed in reference 
to the WHO standard growth curves, and are expressed as Z-scores, which are the number 
of standard deviations away from the standard value as obtained from the standard growth 
curves [27,28]. 
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Addendum I: Methods of  sample collection 

Collection of urine samples 

Urine samples were collected between 8:00 AM and 10:00 AM. Every child was 
asked whether he/she had already taken breakfast, and whether he/she had already passed 
urine that morning, and the responses of the children were recorded. Subsequently the 
child was assisted to urinate in a small 80ml container. The volume of the urine and the 
time of sample collection were recorded. Within a maximum of 1.5 hours from the time of 
sample collection, the sample was pipetted in triplicate in 1.5 ml cryovials and stored at -
20˚C for a maximum of 2 weeks. Subsequently, the samples were transferred to a -80 ˚C 
deep freezer, where they were kept until analysis. Results from urine analysis are expected 
to be available in the course of 2020. 

Collection of stool samples 

Stool samples were collected at any point during the day. Before collection of stool 
samples, the child was asked to urinate, in order to avoid urinating on the stool sample. 
Subsequently, a sheet of paper was laid on the floor in the toilet block, and the child 
squatted on the paper to defecate. The children were used to defecate while squatting, as a 
result of the use of pit latrines. Subsequently, the stool was transferred in quadruplicate to 
1.5 ml cryovials with the help of small, wooden applicator sticks. One of the four cryovials 
contained a solution of 15% glycerol and 85% normal saline (0.9%) in order to ensure 
increased sample preservation in the case of unintended temperature abuse. Within a 
maximum of 1 hour from the time of sample collection, the sample was stored at -20˚C 
for a maximum of 2 weeks. Subsequently, the samples were transferred to a -80 ˚C deep 
freezer, where they were kept until analysis. 

Collection of saliva samples 

Saliva samples were collected after the children had fasted for 1 hour. Children were 
given water to drink 10 minutes before they were sampled. Specially designed sticks with a 
sponge at the end (Oracol, Malvern Medical Developments Limited, United Kingdom) 
were used for sample collection. The sponge was placed between the lower cheek-tooth 
and the cheek of the child for 5 minutes. Subsequently, the sponge was removed from the 
child’s mouth, placed in its corresponding cover tube, and immediately stored at -20˚C for 
a maximum of 2 weeks. Subsequently, the samples were transferred to a -80 ̊ C deep freezer 
where they were kept until analysis. Results from saliva analysis are expected to be available 
in the course of 2020. 
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Addendum II: Common cold symptoms 

Within the reports of common cold, the two most specific symptoms of the 
condition could be specified: Rhinitis and a cough. The occurrence of these specific 
symptoms was analysed.  

Rhinitis

 
Figure S1A: The actual and model-fitted incidence (see methods section) of the rhinitis in the intervention (yoghurt, n=100) 

group and control (milk, n=95) group between day 3 and day 78, expressed as a percentage of the total children under 

observation. Δ = datapoints intervention group; solid line = trend intervention group; ● Data points control group; dotted 

line = trend control group. The vertical dotted line indicates the transition from baseline to intervention period.  

 

Figure S1B: The actual and model-fitted difference and the 95% confidence intervals in the relative incidence of rhinitis in 

the intervention group over the control group 

The incidence of rhinitis shows a trend similar to the trend of the general incidence 
of common cold (figure 2A). The difference and the 95% confidence intervals in the 
relative incidence of rhinitis in the intervention group over the control group is shown in 
Figure S1B. Segmented linear regression is used to analyse trends, see addendum III.  
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During the intervention there is a significant decrease (P-value for intervention 
trend = 0.0047) in the number of children suffering from rhinitis compared to the control 
group. However, due to the initial higher incidence of rhinitis in the yoghurt group, there 
is a final non-significant relative risk (RR) of 1.0 (CI: 0.71 – 1.5) for the incidence of rhinitis 
after 8 weeks of probiotic yoghurt consumption. 

Cough 

 
Figure S2A: The actual and model-fitted incidence (see methods section) of the cough in the intervention (yoghurt, n=100) 

group and control (milk, n=95) group between day 3 and day 78, expressed as a percentage of the total children under 

observation. Δ = datapoints intervention group; solid line = trend intervention group; ● Data points control group; dotted 

line = trend control group. The vertical dotted line indicates the transition from baseline to intervention period.  

Figure S2B: The actual and model-fitted difference and the 95% confidence intervals in the relative incidence of cough in the 

intervention group over the control group 

The incidence of cough shows a highly fluctuating trend. The difference and the 
95% confidence intervals in the relative incidence of cough in the intervention group over 
the control group is shown in Figure S2B. Segmented linear regression is used to analyse 
trends, see addendum III.  
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During the intervention there is a significant decrease (P-value for intervention 
trend = 0.05) in the number of children suffering from cough compared to the control 
group. The final RR of 0.82 (CI: 0.48 – 1.4) is non-significant for the incidence of cough 
after 8 weeks of probiotic yoghurt consumption. 
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Addendum III: Parameter estimates, standard errors 

and P-values from performed regressions 

  Coefficient 
Standard 
Error t-statistic P-value 

Common 
cold 

Intercept 0.112261 0.025464 4.408607 9E-05 

X Variable -0.00159 0.000505 -3.15079 0.003272 

Rhinitis  Intercept 0.102092 0.021378 4.775531 2.98E-05 

X Variable -0.00128 0.000424 -3.01734 0.00466 

Cough Intercept 0.033593 0.025364 1.324437 0.193705 

X Variable -0.00101 0.000503 -2.00994 0.051977 

Skin Intercept 0.059156 0.025284 2.339623 0.024968 

X Variable -0.00053 0.000501 -1.06271 0.29499 

Diahrea Intercept -0.01695 0.027647 -0.61305 0.562344 

X Variable 0.000289 0.000562 0.514647 0.625201 
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General discussion 

Science translated so as to impact society  

Facing the problems of poverty and disease in Africa vis-à-vis the potential of 
probiotic bacteria to mitigate disease and to be multiplied in African countries using local 
food matrices, our research team set out to bridge the gap between the required technology 
and the people who needed it most. This dissertation describes the rise of an initiative that 
started in a laboratory in Amsterdam, and grew to a concept that currently impacts upon 
the lives of thousands of people worldwide.  

Traditional food fermentation in Africa is widely applied, based on empirically 
proven methods. However, people who prepare these foods at home lack an understanding 
of the underlying processes and the principles to ensure food safety [1]. The theoretical 
concept of transferring fermentation technologies to developing countries for better 
nutrition and incomes was described as early as 2002 by the Food and Agriculture 
Organization of the United Nations [2]. Fermentation has been earmarked as a specifically 
interesting food processing technology, as it has the potential to reduce post-harvest losses 
with low technological requirements, and obtains a product with additional health benefits.  

A comparison between this concept and the practical implementation as described 
in this thesis can be found in figure 1.   
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Figure 1: A) Concept as adopted from a publication by the Agro-Industries and Post-Harvest Management Service, 
Agricultural Support Systems Division, Food and Agriculture Organisation of the United Nations [2]. B) Outcomes of the 
implemented concept as described in this dissertation.  
 

New findings are done every day in universities or research institutes around the 
globe. Many of these findings concern ‘basic science’, with no immediate application [3]. 
Many other findings carry a direct potential to address pressing needs of society, such as 
the findings that certain bacteria can convey health benefits when consumed in adequate 
amounts. However, the step to subsequently actually translate the innovation into a societal 
practice remains often absent, especially in the case of innovative concepts, as academics 
feel this goes beyond their field, and private sector players avoid the risks associated with 
novel concepts. Wafula at all. [4] describe the advantages of fermentation of African 
indigenous leafy vegetables to reduce the extensive post-harvest losses of this product, 
while further increasing its nutritional values. They recommend the development of a 
controlled starter culture for upscaling this practice while ensuring food safety; promotion 
of the technology in local communities; and education of the population on the nutritional 
benefits of fermented foods.  Likewise, Benkerroum and Tamime [5] describe the need to 
start producing three traditional Moroccan fermented dairy products in medium-scale 
enterprises (opposed the current home production). Development of a standardized starter 
culture is identified as the main requirement to scale-up and guarantee safety of these 
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products. A second requirement would be training on good manufacturing practices for 
the proposed small-scale producers. The authors describe the great benefits that their 
proposed small- or medium-scale production would have both on access to nutritious food, 
as well as on (rural) employment and income. However, none of these authors has been 
able to actually make efforts towards the implementation of their recommendations. This 
dissertation describes an example of positive deviance from this rule.  

In order to make probiotics available to the poor in a sustainable manner, 
translation from science to society took place at several levels and across disciplines [3]. 
The first step was the translation from a probiotic bacterium (LGG) with proven health 
benefits, and an adjuvant strain with unique metabolic properties, into a novel starter 
culture containing Lactobacillus rhamnosus yoba, which was tested to be virtually identical to 
LGG, and which proved to have the ability to propagate in milk (Chapter 2.1). As a second 
translation step, it was shown that this ‘lab tested’ concept was effective in its intended 
context, being small-scale fermented food production in resource-poor setting (Chapter 
2.2). The third translation step was the implementation of this proven technical concept, 
to indeed being adopted by the target group. This involved the identification of barriers to 
uptake, and finding the appropriate means of overcoming them (Chapter 3). We then 
revisited the first translation step, in which the assumption had been made that due to its 
genetic properties, the LYR strain would convey health benefits to the target population in 
Uganda and beyond. This assumption was then studied, not in an artificial experimental 
set-up, but among those who might benefit from the concept and were consuming the 
product on a regular and ongoing basis (Chapter 4.2 and 4.3).  

The importance of microorganisms in planetary health, including environmental 
issues and human health and wellbeing, are widely recognized. More specifically, different 
microbial applications have been identified to be able to contribute to all the 17 Sustainable 
Development Goals (SDGs) as were set in 2016 by the United Nations [6]. The SDGs to 
which the intervention as described in this dissertation contributes, are summarized in table 
1. 

Most developing countries face economic and public health constraints that are 
similar to Uganda, constraints that could potentially be addressed by the described 
intervention with locally produced probiotic yoghurt. However, for continued 
dissemination to other countries, it must be ensured that the technique will be relevant to 
the country (availability of milk, demand for fermented milk products), the differences in 
infrastructure should be considered, and it must be taken into account that the 
dissemination to a wider target group may take time. For example, a project in which the 
concept, as proven successful in Uganda, was introduced in Kenya and Tanzania with 
sufficient resources available, did not reach its full potential in 2 years’ time. Only now, a 
year after the project has closed, as a result of organic growth and light-touch support, the 
concept is spreading wider in these countries and businesses established during the project 
have become more resilient, profitable and expansive.  
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Table 1: Alignment of an intervention of locally produced probiotic yoghurt with 9 out of the 17 Sustainable Development 
Goals 

No. SDG Application in locally produced probiotic yoghurt 

1 No poverty Income generation due to yoghurt production enterprises. Empowerment to 
earn a livelihood.  

2 Zero hunger Fermentation of milk increases its shelf life and hence reduces food losses and 
allows for a wider distribution of the product.  

3 Good health and 
well-being 

Probiotics help digestion and boost the immune system. Besides, many other 
nutritious compounds are formed during fermentation of milk.  

4 Quality education Producers are equipped with useful skills concerning the production of yoghurt, 
quality and safety management, and the microbial principles that are behind 
these processes, thereby developing a generally increased microbial awareness.  

5 Gender equality Food production is traditionally a task for the women, and hence more than half 
of the yoghurt production units are owned by women.  

8 Decent work and 
economic growth 

Locally produced probiotic yoghurt creates self-employment and employment 
for hundreds of people, of which the majority are women and/or youth.  

9 Industry, 
innovation and 
infrastructure 

The local production of yoghurt with the use of a starter culture promotes 
micro-, small- and medium-scale enterprises. Food fermentation is an applicable 
food processing technique in resource poor setting, as it has low technology 
requirements.  

12 Responsible 
Consumption and 
Production 

Locally produced yoghurt has a lower environmental footprint compared to 
yoghurt produced at a centrally located industry which is subsequently 
distributed throughout the country.  

17 Global 
partnerships for 
Sustainable 
Development 

Technology transfer (probiotic starter culture) and capacity building are 
provided by western knowledge institutions and non-governmental 
organizations, to the southern beneficiaries.  

 

Local yoghurt production as a means to increase incomes 

Chapter 3 showed that yoghurt business is viable with positive profit margins, 
especially when the scale of production increases. As a limitation of this study, there was 
no control group followed over the same period for comparison in income development 
between people deploying yoghurt business and people who were not affected by the 
intervention [7]. Country-wide data however, shows that during the intervention period, 
the GDP per capita in Uganda has fluctuated between 580 USD and 703 USD (World 
Bank). Taking the average production per production unit of 209 litre per week (Chapter 
3) and an average profit margin of 1545 UGX per litre, we calculate an average income of 
yoghurt producers of 4525 USD per year. Given a dependency ratio of 0.97 (one person 
in the productive age groups takes on average care of 0.97 people in the non-productive 
age group) [8], an average income of 2260 USD is still almost four times the GDP per 
capita.  

Oti-Boateng et al. [9] describe a project that promotes small scale soybean 
processing in Ghana, with many similar features as what is described in this dissertation. 
The importance of linking the processors to technology centres is emphasised, as these 
centres 1) can train the beneficiaries on production, processing and management 2) provide 
linkages to examples of well performing processors and 3) facilitate market access. 
Likewise, Adesulu and Awojobi [10] describe the importance of the widespread small-scale 
fermented food production enterprises in Nigeria as a significant contributor to 
employment creation and income generation (especially among the most vulnerable 
population groups), as well as improved food security and nutrition. Finally, Mhazo et al. 
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[11] make an economy-wide assessment of the importance of the small- and medium-scale 
agro-processing industry in Zimbabwe such as grain milling, livestock feed, peanut butter 
and vegetable oil production, and fruit and vegetable processing. They observe that the 
income from small-scale farming is hardly enough for survival, and hence these businesses 
are important for (rural) livelihoods, as well as for improved diets. The authors conclude 
that it is the government’s responsibility to ensure that these businesses have sufficient 
access to equipment, training, services and finance options.  

In development work it is important to study what really works, why it works, and 
under which circumstances it works. Randomized controlled trials (RCTs) in development 
work (or more general, in social context) have become the dominant methodology to 
establish an answer to these questions, and have thereby greatly contributed to the 
development of more effective programs and interventions [12]. However, as the current 
intervention was demand-driven (training on yoghurt production was provided to those 
who demanded it and exhibited a clear vision about how to run their business), the RCT 
design was deemed infeasible. It would imply the random denial of people who demanded 
for training while keep on following them up for data collection, thereby being obliged to 
give full disclosure of the study we conducted (which denied potential beneficiary would 
agree to that?). Moreover, at field level, staff is likely to well-intendedly violate the 
randomization rule in order to help those whom they feel need the intervention [12]. An 
alternative could be to take people who did not demand for the intervention as a control 
group. However, this would violate the concept of randomization. Similarity in observable 
characteristics (e.g. level of income and education) could be controlled for in the selection 
of the control group, but it is nearly impossible to control for differences in unobservable 
characteristics (e.g. entrepreneurial spirit). A third alternative could be to conduct an RCT 
among treatment and control groups whom both did not request for the intervention. 
However, such study would not have any validity for the ‘real life’ setting in which the 
intervention targets those who actively seek it.  

Besides the outlined challenges, RCTs in social setting carry risks. As opposed to 
for example RCTs in the medical world, in social setting an experiment is not conducted 
on subjects where all conditions can be controlled, but among agents. As blinding in social 
setting is difficult in the absence of a ‘placebo treatment’, response becomes a combination 
of the treatment itself, as well as the perception of the difference between oneself and the 
subjects in the other study arm. Besides, imposing exogenous allocation does not represent 
real life human behaviour [12].  

We therefore did an observational study in which we studied the heterogeneity 
between the yoghurt producers, considering for example the effect of gender, age and 
governance structure on business performance (Chapter 3). We reason that this produced 
more clarity about the effectiveness of the intervention, i.e. about the ‘why?’ and the ‘how?’. 
These insights provided guidance for improvement and replicability, as compared to 
striving to conduct an RCT to elicit the mean difference in several parameters between 
yoghurt producers and non-yoghurt producers, which may not provide a deeper 
understanding in the underlying dynamics. Consider for example an RCT that showed that 
there is no mean difference in income between yoghurt producers and non-yoghurt 
producers. Yet possibly women who make yoghurt do better than women who don’t make 
yoghurt, while for men the opposite is true (thus obtaining an overall zero effect). Hence, 
we reason that our observational study provided a deeper understanding in several 
underlying mechanisms involved, which may help to design interventions for other 
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countries and their unique contexts, as opposed to RCTs that may only represent the 
population under study, without having any external applicability [12]. 

However, the current observational study was not able to prove conclusively that 
training and mentoring of people to produce yoghurt, has a positive effect on their income 
and livelihood compared to the absence of this intervention, in which hypothetically the 
current beneficiaries could have encroached on much more lucrative businesses or 
occupations.   

Probiotic yoghurt for better health and nutrition 

Probiotics are most commonly prescribed to people with reduced immunity or at 
risk of specific gastro-intestinal tract related diseases (e.g. elderly, children, athletes, 
travellers and people on antibiotic treatment). Considering that many studies have 
suggested that probiotics can prevent and alleviate a wide spectrum of diseases, we note 
that the burden of disease in the continent of Africa is 80 % higher than in the rest of the 
world, with the burden of diarrheal diseases being a staggering 7 times higher, and the 
burden of respiratory tract infections being 5 times higher [13]. Paradoxically, probiotic 
products have been virtually absent from this continent (with the exception of urban areas 
in South Africa).  

We developed and implemented an intervention that empowered people living in 
developing countries to produce a product that would address their commonly faced 
challenges and improve their nutritional status.  

There are a few probiotic-disease interactions for which a substantial body of 
consistent evidence has been provided, which indicates an alleviating or preventive effect 
of probiotics on the disease. The clearest examples of this are the effect of a number of 
probiotics on antibiotics-associated diarrhoea (AAD) and necrotizing enterocolitis [14,15]. 
However, for most proposed probiotics-disease interactions such clear evidence does not 
exist. Randomized controlled trails (RTCs), being perceived as the golden standard in 
research, have yielded inconclusive results about some probiotic-disease interactions 
[15,16]. Two RCTs meticulously following the same design, may obtain divergent or even 
contradicting outcomes (e.g. compare [17] and [18]). Zeilstra et al. [16] postulate that 
presumptions made in RCTs may not always be valid in nutritional research including 
probiotic research, hindering the validity of the RCT. These presumptions include: 1) 
uniformity, i.e. that people in the intervention group and control group are equal; 2) 
independence of effects, e.g. that the effect of drugs is not influenced by uncontrolled 
factors in the subjects’ diet or lifestyle; and 3) intervention and placebo substance being 
well defined, with regards to exact composition, bioavailability etc. If these presumptions 
are not true, then the questions asked in the RCT cannot be answered. The effect of 
probiotics, being living organisms which exert their action in the complex ecosystem of the 
human gut (provided they reach there), depends on a great number of interactions and 
effect modifiers much more so then pharmaceutical chemical compounds. Besides, there 
is a high microbial variety in the gut of individuals, and moreover the composition of the 
gut microbiota is highly dynamic over time. Hence uniformity is not guaranteed, and taking 
the same probiotic product does not imply the same treatment due to different interactions 
in individual subjects [16]. An important step in probiotic research is therefore to 
understand underlying modes of action. This will help to select more effective strains and 
optimize the production of probiotic products and formulations. Moreover, understanding 
the mode of action of a probiotic strain will help to design clinical trials, for example 
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through pretrial selection of participants that are ‘responders’, which will best elucidate the 
potential health impact of probiotics in certain specific subpopulations [15].  

Another challenge relates to selective media reporting. Outcomes of systematic 
reviews, the highest form of scientific research, are rarely highlighted in the popular press, 
whereas the same press is eager to publicize the outcomes of single studies which show 
results deviating from most other research. This is not surprising when considering that 
the popular press is solely interested in publishing ‘news’ [3].  And, the popular press is not 
unique in this; many ‘top’ scientific journals require research contributions to present 
sufficient novelty in order to be considered for publication. 

Despite the challenges when conducting probiotic research and the scepticism of 
some stakeholders, the available large body of literature (over 800 studies on LGG only), 
including (Cochrane) meta-analyses, was considered to form a solid base to design a starter 
culture that would allow for the local production of probiotic yoghurt in Africa, starting 
with Uganda. When the concept had taken root and a solid regular consumer base had 
formed among young school-going children in particular, two studies were conducted to 
assess the previously studied health benefits for our particular target group (Chapter 4.2 
and 4.3). These studies gave an indication that health benefits of LGG as found in other 
(mostly European and north-American populations), in particular the reduction of RTIs 
and skin diseases, did also apply to children aged 3-6 years in Southwest Uganda.  

Limitations of  this study 

Common causes of child mortality 

In 2017 in Uganda, the mortality ratio for children aged 1-5 years was 14 deaths per 
1000 live births. In 2016, the leading causes of mortality of children < 4 years were acute 
lower respiratory tract infections (23%) and diarrheal disease (13%) [19]. In this thesis, we 
have not been able to show which effect the regular intake of yoghurt containing LRY 
could have on these two leading causes of child mortality.  

In our study with 1116 children aged 3-6 years (Chapter 3), we did not encounter 
any cases of death or hospitalization due to life-endangering lower respiratory tract 
infections or diarrheal disease. We observed that the children attending pre-primary school 
(which is not compulsory and for which a school fee has to be paid) are not the poorest of 
the poorest.  Hence their average mortality rate may be below the national average. It is 
also possible that of the above-mentioned mortality rate of 1.4 %/year, the majority of 
deaths takes place before the age of 3.  The age group of our study (3-6 years) is likely to 
be subject to a lower average mortality.  In our study we encountered a few cases of 
diarrhoea and lower respiratory tract infections (e.g. pneumonia), but their reported 
incidence was too low to draw any conclusions.  

The population wide incidence of lower respiratory tract infections is rather low 
(though with a relatively high mortality /morbidity) [20].  Hence it is understandable that 
we were not able to get significant data about this condition in our study.  

Diarrhoeal disease remains a difficult outcome to study in non-hospital setting, 
when relaying on the weekly (socially desirable?) answers of the parents who might have 
been too busy to keep an eye on how often one of their children frequents the toilet. Hence, 
this methodology might have caused under-reporting, as other studies reported much 
higher incidences of diarrhoea among young children in the general population [21].  



194 
 

Environmental considerations 

The yoghurt produced under the current intervention is packed in different types 
of plastic packaging (polythene bags, plastic beakers, plastic bottles). Many African 
countries including Uganda do not have infrastructure for garbage management in place, 
with the exception of a (quite poorly functioning) system in the capital Kampala [22]. The 
locally most preferred way to deal with garbage outside Kampala city, is to burn it [23]. But 
it is also culturally acceptable to throw empty packages on the street, wherever one may be 
walking. We do regret that packaging of the yoghurt produced under the described 
intervention, is no exception to these trends. 

Redressing this regrettable situation, is beyond our reach. If the yoghurt producers 
that we support would not package their yoghurt, the consumer would instead buy a 
yoghurt of the (industrial) competitor. Industrially made yoghurt has an even higher 
environmental burden due to the transport costs involved with non-local production.  

The solution lies in nationally enforced policies and the stimulation of behavioural 
change. Rwanda, a neighbouring country to Uganda, is a good example of this [24]. The 
Rwandese government attracts companies that make biodegradable plastics, encourages 
their population to come to outlets (of for example yoghurt or milk) with their own re-
usable containers, and has monthly cleaning days in which the entire population is 
mobilized to clean the streets of their country.  

Health considerations 

Sugar addition 

Yoghurt in Uganda is most commonly taken as a sweetened product. Likewise, the 
majority of the yoghurt produced under the current intervention contains sugar. Sugar does 
not provide nutrients to the body apart from energy and carbon, has a negative effect on 
oral health, and some studies suggest a relation between high sugar intake and an increased 
risk for cancer [25]. Hence, we regret that sugar is taken in combination with the health 
promoting probiotic yoghurt.  

However, similar to the environmental challenges, we feel that the key to reverse 
this trend is beyond our reach. The producers that we support, are forced to produce 
yoghurt according the consumers’ liking, or else the consumer will buy the product of the 
competitor. Sugar consumption of an entire population cannot be influenced by changing 
the sugar content of one single product on the market. Solutions may be found in 
government policies or resolutions among a wide range of industry players.  

Lactose content 

A second health concern is that the yoghurt may be consumed by lactose intolerant 
people. However, Ugandan people have relative low levels of lactose intolerance, due to 
their long history of keeping dairy cows (Chapter 1 and 3). Correlations have been found 
between traditionally cattle-keeping communities and higher levels lactose tolerance [26]. 
Besides, compared to milk, yoghurt is relatively easily digested by lactose intolerant people, 
as S. thermophilus produces β-galactosidase, an enzyme that aids lactose digestion in the gut 
[27]. 
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Monoculture use 

A third health concern that is raised, is the introduction of one specific strain, which 
may come at the expense of microbial diversity in the diet of the African consumers. We 
would like to refer to the same arguments as outlined above. Customers of the yoghurt, are 
people who are looking for a packed, ready-to-eat snack. If the probiotic yoghurt was not 
available, these same people would either buy an industrially produced yoghurt (which also 
only has two strains), or buy a soft drink which would not add any micro-organism to their 
diet.  

Sustainability considerations 

The continuation of the local production of probiotic yoghurt in Uganda and other 
African countries is depends on the Yoba starter culture which is produced at CSK Food 
Enrichment, the Netherlands. Enlarging the ownership, independence and local character 
of the intervention, would ideally mean that the starter culture could be produced locally. 
However, there is a very high level of technology involved in the production of commercial 
starter culture, resulting in only 13 companies worldwide being involved in production of 
starter cultures [28]. 

Besides, supporting the establishment of a starter culture producer in Uganda, 
would not necessarily imply higher reliability and sustainability of the starter culture supply. 
Uganda faces an unstable business climate, whereas CSK Food Enrichment has been 
known be a reliable business partner since 1905, and to produce quality starter cultures 
since 1975.  

Outlook  

In contrast to ‘research and development’ which often creates end-of-pipeline 
solutions, this thesis describes a process of ‘research for development’, an iterative process 
where much of the learning was based on action [3]. This constant feedback loop between 
the introduction of innovations and the targeted beneficiaries, has ensured that this 
research project was not merely an ‘experiment’, but has created a sustainable and lasting 
network of probiotic yoghurt producers and consumers in Uganda and beyond. Yoghurt 
producers never received cash inputs, and therefore their viability depended right from the 
start only on intrinsic factors of their business. The majority of these businesses currently 
receive minimal follow-up, yet many of them continue to expand and upgrade 
independently. Likewise, the twenty thousand pre-primary school children who currently 
consume probiotic yoghurt on a weekly basis, are independent from any external support. 
The school has a direct arrangement with the yoghurt producer, and money to pay for the 
yoghurt is raised among parents. Hence, the study as presented in this thesis has led to 
development of a self-supporting market system. As the Yoba culture is sold at cost price, 
its continuous production can be guaranteed independent from outside funding.  

Future studies could enrich the knowledge, and broaden the scope of all elements 
of the intervention as discussed in this thesis: the technical concept, the socio-economic 
aspects, and the health outcomes. Research should not only be aimed at investigating the 
validity and justification of the current intervention in those three areas, but should 
generate outcomes and insights that can be used to improve, innovate and strengthen the 
ongoing intervention. Hence the study of internal heterogeneity (e.g. Why are some 
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producers performing better than others? Under which circumstances and consumption 
frequencies do consumers experience health benefits?) remains important.  

With regards to the technical innovation, both the innovations concerning the 
starter culture itself, as well as the use of the starter culture for the production of novel 
probiotic foods are potential areas for further research. The current starter culture as 
described in chapter 2.1 contains the most documented probiotic bacteria for which many 
health benefits have been proven. L. rhamnosus GG is commonly used as a reference 
probiotic to assess the properties of novel probiotics [30,31]. However, this does not rule 
out the possibility that other probiotics may have superior characteristics in areas that are 
relevant to people living in developing counties. In the light of such potential findings, 
subsequent research may take place towards developing different versions of the tailor-
made starter culture, containing different probiotic strains. Secondly, as was already 
suggested in chapter 2.2, the current starter culture can be used beyond yoghurt for the 
production of many different probiotic foods, including cereal- and fruit-based foods and 
beverages. A millet-based probiotic beverage that is popular in the developing world has 
already been described, by Di Stefano et. al [32], but more can be done in this area.  

In the area of socio-economic impact, an understudied area is the effect of a yoghurt 
business on household income and expenditure for both business owners and employees. 
Further studies are needed to quantify which part of the profits are re-invested in the 
business, and how this correlates with business growth and performance. Secondly, such 
study may elucidate whether the part of the profits or wages that are used for 
personal/household expenditures indeed helps to improve the nutritional, health and 
educational status of these households. There is a wealth of literature about (rural) 
entrepreneurship in resource-poor setting. Many concepts that have been explored 
elsewhere, such as the role of entrepreneurial networks [33], entrepreneurial leadership [34] 
and effective marketing at the bottom of the pyramid [35] could also be applied to the 
cohort of yoghurt entrepreneurs.  

Another area of socio-economic studies may be a comparative study between the 
different countries in which the intervention is currently being adopted with regards to all 
the parameters as described in chapter 3. Countries that have a significant number of 
probiotic yoghurt producers are Uganda, Tanzania and Kenya.  

Further research on the long-term health impact of the intervention is needed in 
addition to the studies presented in this thesis which followed children only for 8 weeks 
after the start of probiotic yoghurt consumption. In a school-setting, such longer term 
research is difficult, as after 11 or 12 weeks of school, children break of for a minimum of 
4 weeks holidays. An orphanage could be a possible setting in which such longer-term 
(minimum 3 months) research could be conducted.  
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Summary 

In this thesis we describe how we can increase health and wealth for people living 
in resource poor areas by enabling them to start a business in locally produced probiotic 
yoghurt.  

We specifically focussed on Uganda, where farmland per capita is steeply decreasing 
as in many developing countries. Hence, the stimulation of non-farm rural incomes for 
example through cottage industry businesses, is essential as a driver for sustained economic 
growth. In terms of health, many low-income households in Uganda face poor sanitation 
and hygiene, cramped households and low availability or affordability of health care. In 
addition, the tropical climate causes a relatively high pressure of bacterial infectious 
diseases. Therefore, the poor are at increased risk of reduced quality of life as a result of 
sickness, including aflatoxin-related diseases, microbial infections, diarrheal diseases, and 
other contagious diseases. Also, due to a lack of dietary fibre in the national diet and the 
relatively high incidence of the gastric bacteria Helicobacter pylori, the incidence of gastric 
pathology including ulcers is high in Uganda. In this thesis, we hypothesized that through 
stimulation of the local production of probiotic yoghurt we could address both the 
economic and the public health constraints simultaneously. We investigated the technical 
prerequisites for making a probiotic starter culture and a locally applicable yoghurt 
production process, ways of stimulating economic growth, and the best methods for 
knowledge transfer to local entrepreneurs. In addition, we worked on the demand side and 
developed strategies to create access to healthy and affordable probiotic products for low-
income households. Subsequently, we studied the health impact on the consumers.  

In order to enable the local production of probiotic yoghurt, a novel starter culture 
was developed containing the probiotic strain Lactobacillus rhamnosus yoba 2012 (LRY), and 
the adjuvant strain Streptococcus thermophilus C106. The bacteria were freeze-dried and packed 
in water-tight sachets in portions of 1 g. This starter culture is used in a two-step 
fermentation process for the production of 100 L fermented foods, using only basic 
equipment such as a pan, thermometer and a source of heat, for example woodfire. We 
developed course material and trained potential producers on the application of the 
technology and how to run a business. The freeze-dried starter culture in combination with 
a standardized production protocol ensure a controlled fermentation process. This leads 
to a standardized product that can be packed and commercialized, as it has a much longer 
shelf life and a higher guarantee of food safety compared to traditional home-made 
fermented foods in Africa.  

Later on, we evaluated the results of our activities and concluded that in Uganda 
over 135 groups, cooperatives and individual entrepreneurs adopted the tailor-made starter 
culture and production protocol, implying that they successfully started, maintained and 
expanded a business of probiotic yoghurt production and sales. Financial analysis of the 
yoghurt businesses showed relative attractive profit margins. Hence, dissemination of this 
concept in Uganda among others, 1) created employment and income for the business 
owners and possibly their hired workers, 2) created a market for the milk of the farmers in 
the neighbourhoods, 3) reduced milk spoilage, as yoghurt has a longer shelf life then milk, 
and 4) created access to a healthy and affordable product for the consumers in the 
catchment area. The latter is evident from the fact that by the end of 2019, 40,000 L per 
week found its way to the (rural) market in Uganda. The intervention strongly stimulated 
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women and youth involvement (53% of business owners were women and 22% were youth 
<35 years of age) in the dairy value chain, an area that they are usually excluded from. 

We evaluated the evidence for health benefits of probiotics on the prevention, 
management or reduction of gastric pathology by a review of the literature. Our review 
indicated that L. rhamnosus yoba 2012 might be able to attenuate the symptoms associated 
with gastric pathology through (i) competition for binding sites between L. rhamnosus yoba 
2012 and H. pylori, (ii) attenuation of the host’s H. pylori-induced apoptosis, inflammation 
responses and stimulation of angiogenesis, and (iii) production of anti-microbial substances 
such as lactic acid to inhibit the proliferation of H. pylori.   

In addition, we studied the health effects of the locally produced probiotic yoghurt 
on frequently occurring infectious diseases among school going children in Southwest 
Uganda. Previously, we introduced a regional school feeding program in which the 
consumption of probiotic yoghurt was specifically stimulated among pre-primary school 
going children. Parents were sensitized about the health benefits, and subsequently ask to 
pay for the inclusion of this product in the school menu, thereby ensuring sustainability of 
the program. In South-Western Uganda, by the close of 2019, over 20,000 children 
between the age of 3-6 year consume probiotic yoghurt at school, as paid for by their 
parents.  

Next, we chose ten schools to assess the health benefits of the probiotic yoghurt. 
A first study was conducted in which 584 children (3-6 years) who consumed the yoghurt 
on daily basis were followed for a school period of 11 weeks, and compared to 532 children 
who consumed the same amount of milk on daily basis in regards to several (health) 
parameters including common cold, skin diseases and absenteeism. Daily reports of nurses 
that visited the schools revealed a reduced incidence of common cold as well as skin disease 
such as tinea capitis. However, these findings lacked robustness, as the incidence of the 
diseases at baseline was significantly different between the two study arms. Therefore, a 
second double blind placebo-controlled study was conducted at one school in which 100 
children (3-6 years) who consumed the yoghurt on daily basis were compared to 95 children 
who consumed a placebo dairy product for the same period. The same health parameters 
were checked as in the first study. This second study with a more robust study design 
confirmed a beneficial effect of probiotics on the incidence of skin disease as well as 
common cold.   

In conclusion, a novel starter culture in combination with a low-tech production 
protocol and a tailor-made educational program, has proven to have the potential to 
provide work to women, men, and youth and to increase incomes in Uganda. The studies 
among young school-going children suggested that health benefits of probiotic yoghurt as 
found in other studies did also apply to the specific population that was targeted in the 
intervention. To conclusively prove the impact on health, further studies in which subjects 
who consume probiotic yoghurt are followed over a longer period of time are 
recommended. We have shown that the starter culture does not only ferment milk into 
probiotic yoghurt, but can also produce other fermented drinks on maize or millet basis. 
Inspired by the success in Uganda, in collaboration with other partners the locally produced 
probiotic yoghurt concept was introduced in other countries such as Tanzania, Kenya, 
Rwanda, Cote d’Ivore, Zimbabwe, Nepal and Indonesia.  
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Samenvatting 
 
In deze thesis beschrijven we hoe we de gezondheid en inkomsten van van mensen 

in resource arme gebieden kunnen stimuleren door hen te ondersteunen in het opzetten 
van bedrijfje om probiotische yoghurt te maken.  

In Oeganda, net als in veel ontwikkelingslanden, neemt de landbouwgrond per 
hoofd van de bevolking sterk af. Daarom is het stimuleren van niet-agrarische economische 
activiteiten in rurale gebieden, zoals het opzetten van kleine ondernemingen, een essentiële 
motor voor duurzame economische groei. Naast een tropisch klimaat met een hoge 
infectiedruk van pathogene bacteriën, hebben veel Oegandezen onderaan de economische 
ladder te maken met slechte sanitaire voorzieningen en hygiëne, overvolle huishoudens en 
een lage beschikbaarheid of betaalbaarheid van gezondheidszorg. Hierdoor loopt deze 
bevolkingsgroep een verhoogd risico op een verminderde kwaliteit van leven als gevolg 
van ziekte, waaronder aflatoxine gerelateerde ziekten, microbiële infecties, ziekten die 
diarree veroorzaken en andere besmettelijke ziekten. Een van de vaak voorkomende 
ziekten in Oeganda is maagpathologie, inclusief maagzweren. De oorzaak ligt grotendeels 
bij een gebrek aan voedingsvezels in het nationale dieet en de relatief hoge incidentie van 
de maagbacterie Helicobacter pylori. In dit proefschrift is onze stelling dat economische- en 
volksgezondheidsproblemen tegelijkertijd kunnen worden aangepakt door de lokale 
productie van probiotische yoghurt te stimuleren. We onderzochten de technische 
vereisten, manieren om economische groei te bevorderen en we keken naar manieren om 
kennis over te dragen aan ondernemers. We bestudeerden ook wat de beste strategie is om 
gezonde en betaalbare probiotische producten toegankelijk te maken voor een een grote 
groep van mensen die weing te besteden hebben. Vervolgens hebben we bestudeerd wat 
de daadwerkelijke impact was van yoghurt consumptie op de gezondheid van deze mensen. 

Om lokale productie van een probitoische yoghurt mogelijk te maken, hebben we 
eerst  een nieuwe startercultuur ontwikkeld die de probiotische stam Lactobacillus rhamnosus 
yoba 2012 (LRY) bevat, en daarnaast de helper stam Streptococcus thermophilus C106. De 
bacteriën worden gevriesdroogd en verpakt in luchtdichte zakjes in porties van 1 g. Deze 
startercultuur wordt gebruikt in een tweestaps fermentatieproces voor de productie van 
100 L probiotische yoghurt. Het proces is simpel uit te voeren met behulp van een paar 
eenvoudige gebruiksvoorwerpen, zoals een pan, therometer en een hittebron, bijvoorbeeld 
een houtvuur. We ontwikkelden een cursus waarmee we vele potentiele producenten 
trainden in het toepassen van de technologie en het runnen van een bedrijfje. De 
gevriesdroogde startercultuur in combinatie met een gestandaardiseerd productieprotocol 
zorgen voor een gecontroleerd fermentatieproces. Dit leidt tot een gestandaardiseerd 
product dat kan worden verpakt en gecommercialiseerd, omdat het een veel langer 
houdbaar product is en betrouwbaarder qua voedselveiligheid in vergelijking met 
traditionele gefermenteerde voedingsmiddelen in Afrika. 

Later, toen we de resultaten van onze activiteiten evalueerden, concludeerden we 
dat in Oeganda ruim 130 groepen, coöperaties en individuele ondernemers de 
startercultuur en productieprotocol hebben overgenomen. Ze hebben met succes een 
probiotische yoghurtproductie en -verkoop bedrijfje opgestart en laten groeien. Financiële 
analyse van de yoghurtbedrijfjes toonde aan dat relatief aantrekkelijke winstmarges kunnen 
worden behaald. Het lokaal produceren van probiotische yoghurt biedt een aantal 
voordelen zoals, 1) werkgelegenheid en inkomsten voor de ondernemers en en hun 
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eventuele werknemers, 2) een grotere afzetmarkt voor de melk van de boeren in de 
omgeving, 3) een vermindering van bederf van melk, want yoghurt is langer houdbaar dan 
melk, 4) toegang tot een gezond en betaalbaar product voor de consumenten in de 
omgeving. Dit laatste punt blijkt bijvoorbeeld uit het feit dat 40,000 L yoghurt per week 
zijn weg vond naar de (rurale) markt in Oeganda. De betrokkenheid van vrouwen en 
jongeren in de zuivel sector werd sterk gestimuleerd door het mogelijk maken van de lokale 
probiotisch yoghurt productie (53% van de ondernemers was vrouw en 22% was jonger 
dan 35 jaar), terwijl ze meestal van deze sector buitengesloten zijn.  

Door middel van een literatuuronderzoek hebben we het bewijs voor 
gezondheidsvoordelen van probiotica op preventie, management en vermindering van 
maagpathologie geëvalueerd. Ons literatuuronderzoek aangetoond dat LRY mogelijk de 
symptomen van maagpathologie kan onderdrukken door (i) competitie voor 
bindingsplaatsen tussen LRY en H. pylori, (ii) verzwakking van de door H. pylori 
geïnduceerde apoptose van de gastheer, ontstekingsreacties en stimulatie van angiogenese, 
en ( iii) productie van antimicrobiële stoffen zoals melkzuur om groei van H. pylori te 
remmen. 

Daarnaast bestudeerden we de gezondheidsvoordelen van lokaal geproduceerde 
probiotische yoghurt op veel voorkomende infectieziekten onder schoolgaande kinderen 
in Zuidwest-Oeganda. Eerder hadden we een regionaal school yoghurt programma 
opgezet, waarin de consumptie van probiotische yoghurt specifiek werd gestimuleerd 
onder kinderen die naar de peuterspeelzaal gingen. Ouders werden ingelicht over de 
gezondheids voordelen, en werden vervolgens gevraagd om te betalen om dit product 
onderdeel te maken van het school menu. Hierdoor is het programma duurzaam. In 
Zuidwest-Oeganda consumeerden tegen het einde van 2019 meer dan 20,000 kinderen 
tussen de drie en zes jaar oud probiotisch yoghurt op school, hetgeen werd betaald door 
hun ouders.   

Vervolgens kozen we tien scholen uit om de gezondheids voordelen van de 
probiotische yoghurt te bestuderen. In een eerste studie werden 584 kinderen (3-6 jaar) die 
dagelijks yoghurt consumeerden vergeleken met 532 kinderen die dezelfde hoeveelheid 
melk consumeerden. De kinderen werden gevolgd gedurende een schoolperiode van 11 
weken. De vergelijking had betrekking op verschillende gezondheidsparameters, 
waaronder verkoudheid, huidziekten en ziekteverzuim. De dagelijkse rapporten van 
verpleegkundigen die de scholen bezochten toonden een verminderde incidentie van 
verkoudheid en huidaandoeningen zoals tinea capitis aan, bij kinderen die probiotische 
yoghurt consumeerden vergeleken met kinderen die melk consumeerden. Deze uitkomsten 
zijn echter niet robuust, omdat de incidentie van de ziekten tijdens de uitgangssituatie 
significant verschilde tussen de twee onderzoeksgroepen. Daarom werd een tweede, 
dubbel blinde placebo-gecontroleerde studie uitgevoerd op één school waarbij 100 
kinderen (3-6 jaar) die dagelijks yoghurt consumeerden vergeleken werden met 95 kinderen 
die een placebo zuivel product consumeerden gedurende dezelfde periode. We keken 
vervolgens naar dezelfde gezondheidsparameters als tijdens de eerste studie. Deze tweede 
studie met een robuuster studie ontwerp bevestigde dat de probiotische yoghurt de 
incidentie van verkoudheid en huidaandoeningen verminderde.  

Kortom, een nieuwe startercultuur in combinatie met een low-tech 
productieprotocol en een op maat gemaakt educatief programma heeft bewezen inkomens 
in Oeganda te kunnen verhogen. De  studies met de jonge schoolkinderen toonden aan dat 
gezondheidsvoordelen van probiotische yoghurt die in andere studies gevonden waren, 
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ook golden voor de specifieke doelgroep van  de interventie in Uganda. Om 
gezondheidsvoordelen nog beter in kaart te brengen raden we vervolgstudies aan waarin 
kinderen die yoghurt consumeren worden gevolgd gedurende een langere periode. We 
hebben ook aangetoond dat we met de startercultuur niet alleen probiotische yoghurt 
kunnen maken, maar ook andere probiotisch gefermenteerde dranken op basis van mais 
of gerst. Geïnspireerd door het succes in Oeganda, hebben we samen met 
partnerorganisaties het locaal geproduceerde yoghurt concept ook kunnen introduceren in 
andere landen zoals Tanzania, Kenia, Rwanda, Ivoorkust, Zimbabwe, Nepal en Indonesië. 
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